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DOCUMENT ANNOTATION AND MANIPULATION
IN A DATA PROCESSING SYSTEM

Background of the Invention
In the business environment of today, many tasks are

now automated by computers. For instance, a word
processor enables the reorganizing and rewriting of
documents without the retyping known 1in the past. In

addition, various documents may be organized and stored by
a computer filing system which allows retrieval by name,
by chronological or alphabetical order, or by other
user-desired identification. Another example is a mail
system on a network of computer terminals which allows
messages to be sent to and from users of the network.
Also, a phone system may be connected to a maill system
which in turn enables phone messages to be stored and
later forwarded to users. These and other computer
devices enable various daily office tasks to be
accomplished more quickly and more efficiently.

However, most computer devices require the user to be
computer literate and to learn commands to direct the
computer to perform a certain task. In more recent
computer developments, menus (a series of commands from
which to choose) are displayed to the user at appropriate
decision junctures during the use of a computer device.
The menus are considered to make the computer device more
"yser friendly". Generally the choices on a menu are
descriptive phrases written in terms which are more common
to our everyday language rather than in a coded or
technical computer language. Even so, the descriptive
phrases may not initially have meaning, or at least the
proper meaning, to a first-time user or a user who is not
computer literate. Thus, many office personnel do not
make use of computer devices because of the time and
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'complexity required to learn to operate these devices.

Accordingly, there 1s a need to make computer
devices, and particularly <those for office use, more
initially "user friendly" or readily useable especially to
first-time and computer illiterate users.

Summary of the Invention

The present invention introduces a computer device
which is a degree ‘“friendlier"” than the menu driven
computer devices of today. The present invention provides
an electronic stylus and electronic tablet which emulate a
pencil and desk pad of paper used by the common
businessperson. The electronic stylus and tablet are
associated with a terminal of a digital processing system
which has a monitor screen for displaying the strokes
input by the electronic stylus and those input by a
keyboard. An audio input/output assembly may also be
connected to the terminal to provide voiced or other audio
input to the digital processing system.

The tablet serves as the writing surface on which the
stylus is used, and spatially corresponds in a one-to-one
fashion with the view exhibited on the monitor screen.
The -tablet may be an integral part of the monitor screen
in which case the tablet is a transparent surface over the
screen or is the screen itself. In a preferred
embodiment, the tablet is an element separate from the
monitor screen.

,Différent, manners of wuse of the stylus produce
different effects which are the same or similar to those
one would expect from such usage of a common pen or
pencil. Specifically, the various effects or functions of
the stylus are produced without explicit associated
commands or without knowingly placing the stylus in
respective modes. That is, the stylus may be operated at
any one time to produce the various functions without an
explicit wuser request to changev modes and without
particular commands of operation to a processor. Such a
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seemingly modeless, commandless format makes the system
easy to understand and thus readily usable by even the
most non-computer oriented, untrained user. Hence, the
system is a very "user-friendly" system.

In general, the user interacts with the pro- cessing
system through the stylus and tablet in four methods of
use of the stylus. In the first method, the writing tip
end or the eraser end of the stylus is briefly touched on
(i.e. touched on and lifted from) the position on the
tablet corresponding to the position of a desired item
displayed on the monitor screen. Such a "touch and 1lift"
use of the stylus causes the desired displayed item to be
selected for further use by the user. In a second method
of use of the stylus, the writing tip end or the eraser
end of the stylus is touched on the position on the tablet
which corresponds to the position of a desired displayed
item and moved across, while remaining in contact with,
the surface of the tablet to move the displayed item to a
different position in the view on the screen. This method
of stylus use is referred to as "touch and move". In a
third method of stylus use, the user writes with the
writing tip end of the stylus in the same manner as he
would write with a pencil or pen. Such writing generates
strokes of the stylus which result in penned or
handwritten annotations, as opposed to typed or voiced
annotations, to a displayed document. The fourth method
of use involves the eraser end of the stylus and provides
for jche erasure of penned annotations generated by the
wriEing tip end. The eraser end is used in the same
manner as a pencil eraser. Thus, interaction with the
processing system through the stylus and tablet is
accomplished through natural and known movements and
strokes with which any person is familiar and comfortable.

Within each view displayed on the monitor screen,
cursor indications of the various operations of the stylus
on the tablet are provided. For example, a cursor
replicating a sharpened pencil tip is displayed when the



WO 89/11693

-

writing tip end of the stylus is used or is about to be
used for writing, and an eraser cursor is displayed when
the eraser end of the stylus is about to be used or
actually in such use. A cursor replicating a hand with
the index finger positioned in a pointing fashion is
displayed when either end (i.e. the writing tip end or
eraser end) of the stylus is used in the "touch and 1lift"
method for selecting a displayed item. A close—-fisted
hand cursor appears to grasp a document or other item when
the writing tip end or eraser end is used to move the
displayed item. Other cursors may be used to provide an
illustrative indication of the functions and use of the
stylus.

. There are two major views which are viewed on the
monitor screen by the user during use of the stylus, 2
desk view and an annotation session view. Of course, the
terminal keyboard and monitor screen may be used to run

various programs and provide numerous other functions, and

hence, other views may be viewed on the monitor screen.
The desk view emulates a user's desk and pieces of paper
which are stacked on and moved about his desk. In a
preferred embodiment, the desk view shows a stamp which is
a reduced or miniaturized image of an actual page of each
‘document presently on the user's system desk or computer
work area. Each stamp serves as a unique direct pictorial
representation of a certain document on the user's system
desk as opposed to an indirect indication, such as a
prefabricated standard icon which 1is used for all
documents of a certain type and which identifies a
specific document only by a name or title associated with
the
icon. The stamps can be stacked and rearranged on the
system desk by the user manipulating stamps one at a time
with the "touch and move" method of use of the stylus
described above.

The annotation session view, the second major view
associated with use of the stylus, provides a

PCT/US89/02147
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full-screen-sized view of the document to be annotated or
created by the stylus, by the keyboard and by voiced data
input through the audio input/output assembly. The
document to be annotated may be chosen in three different
manners. In one way, the document may be chosen from a
program being currently run by the operating system. The
user simply places one end of the stylus within a
predetermined proximity of the surface of the tablet.
When such proximity is sensed, the currently running
program is  temporarily  stopped, preferably by a
microprocessor interrupt, and the view from that program
being displayed at that time becomes the document to be
annotated. In preparation for annotation, if the screen
is currently in a text mode, as opposed to a bit-map mode,
the data processing system changes the screen to a bit-map
or graphics mode. Text is converted to graphics by a
character generation scheme. Also, the dark background
with light print of the text mode is reversed to a light
background with dark print to more effectively simulate
print on paper. Once prepared for annotation, the document
may be annotated with visual annotations input through the
stylus and/or keyboard and/or with audio annotations

input through the audio input/output assembly. At the end
of the annotation session, (i.e., the period during which
all such annotations are made to one document before
changing to another document, or before returning to the
desk view or the first-running program), the running of
the first program may be resumed from the point where it
was "(stopped. Alternatively, the user may view the desk
view immediately after annotating/creating the document.
In either case, a stamp of the annotated document 1is
placed on the user's system desk. Preferably, the stamp is
placed in an "In box" on the system desk.

Preferably, the entire annotation and desk task is
performed in the microprocessor interrupt. The software
executed by the operating system for providing the
functions of the desk view and annotation sessions (i.e.
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the annotation-desk task program) may be loaded into local
memory by a swapping scheme. Before the annotation-desk
task program is loaded into local memory in place of a
primary +task (i.e., the first-running program), the
primary task is saved in a remote memory and the state of
the primary task is saved such that upon completion of the
annotation-desk task the running of the primary task may
be resumed.

A document to be annotated may also be chosen from
the user's system desk (i.e., the desk view). When viewing
the desk view, the user touches and lifts one end of the
stylus on the position on the
tablet which corresponds to the position on the user's
system desk of the stamp of the desired document. After
the "touching and 1ifting", a full-screen display of the
desired document is exhibited on the monitor screen and is
ready for annotation by typed data input through the
keyboard, handwritten/erased data input through the
stylus, and voiced data 1input through the audio
input/output assembly. After the annotation session of
this document, the corresponding stamp on the system desk
is updated to include the recently made visual annotations
(i.e. handwritten, erased and typed).

Thirdly, a document may be created and annotated by
the user selecting a "note pad" option displayed in the
desk view. To select the "note pad" option, the user
touches and lifts one end of the stylus on the position on
the tablet corresponding to the area labeled "note pad" in
the desk view. The user is thereupon provided with a
blank screen, or other screen of a predefined £format,
which represents a clean page on which annotations are to
be made to form a new document. Annotations may be made as
with any other document through the stylus, keyboard and
audio input/output assembly. At the end of the annotation
session, a stamp of the created document is generated and
placed on the user's system desk and preferably is placed
in the "In box" on the system desk.
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In a preferred embodiment, a cursor corresponding to
the keyboard is provided in the view of the document being
annotated. The keyboard
or typing cursor may be an upright rectangular box or
other indicator of the position where typed input would be
currently placed if the user operated the keyboard. The
user is able to move and reposition the typing cursor with
the "touch and move" method of operation of the stylus.
The user simply places one end of the stylus on the tablet
position which corresponds to the position of the typing
cursor in the displayed view of the document being
annotated and moves the stylus end across the surface of
the tablet to the desired position. In turn, the typing
cursor is correspondingly moved across and repositioned in
the view displayed on the screen. The moveable typing
cursor also does not restrict typing to particular lines
and spaces within the lines as existing word
processing/typing devices do with global grids of
character spaces covering the whole document. This
ability to freely move the typing cursor independent of a
global grid structure enables the user to quickly complete
specific portions of a document especially when the
document is a standard company form.

In a preferred embodiment, the typing cursor at each
initial cursor position beginning a sequence of typed
annotations, establishes a local grid of character spaces
for holding the sequence of characters independent of any
global grid. Also, each local grid is independent from
other local grids. Overlap of local grids is prevented by
close positioning of the typing cursor relative to an
existing local grid causing the typing cursor to be
automatically positioned within the existing grid. In
addition, the 1local grids are established by a linked
two-dimensional list of y and x nodes which establish the
initial cursor position of each local grid, the y nodes
corresponding to 1lines of the document and the X nodes
corresponding to character spaces or location of a set of
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characters within a line. To identify the characters in
each local grid, each x-node of the x-y node list points
to a sequence of characters in a grid buffer which stores
all characters typed into the document through the
keyboard.

For proper eye hand coordination, it is important
that there be 1little delay in displaying stylus strokes
and keyboard generated annotations. To that end, it is
preferred that annotation input through the stylus and
keyboard be handled as an interrupt to the microprocessor

running the annotation task program. Thus, where the
document to be annotated was chosen from a running
program, there are layers of interrupts. The first

interrupt is to the first running program to enable
execution of the annotation task program. The second and
succeeding interrupts are to the annotation task program,
to process data input through the stylus and/or keyboard.
During the first interrupt but outside of the second level
interrupts of the annotation task program, data inputted
during the annotation session may be written to secondary
storage. By writing to secondary storage outside of

these second level interrupts, the processing of
annotations is not retarded by the waiting time associated
with writing to secondary storage. 1Instead, these
interrupts have priority over the task of writing to
secondary storage. '

' Also during each annotation session, a pop—up menu is
displayed and provides a limited number of optional
actiéns that the user may select. Preferably, the options
include "go to desk", "all done", "blank paper", “ruled
paper", “erase notes", and ‘“playback" among other
options. The first two options end the annotation session
and return the user to the system desk or first running
program respectively. Each of the next +two options
provide the type of a new piece of paper on which the user
desires to make annotations and begins a new annotation
session for that new piece of paper. In addition,

"t
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selection of either "blank paper" or "ruled paper" during
an annotation session of a first document causes the first
document along with all annotations made to it during that
session to be saved, and the corresponding stamp of the
first document to be updated accordingly and placed in the
"In Box" on the system desk. The "erase notes" option
causes all annotations (visual and audio) made to a
currently displayed document during an annotation session
to be deleted such that the document is displayed in 1its
initial form from the start of the annotation session.
The "playback" option displays the initial form of the
current document at its origination followed by a time
sequence of the annotations made to the document up
through and including the present annotation

session.

The user indicates his choice of an option from the
pop—-up menu by touching and 1lifting either end of the
stylus on the position on the tablet which corresponds to
the position of the desired option in the view exhibited
during the annotation session. The user may also move the
pop-up menu to any position on the screen using either end
of the stylus in the touch and move method of use. Once
moved to a new position, the pop-up menu remains in that
position until moved again either in the current
annotation session or any succeeding annotation session.
In addition, other options concerning the size of the menu
or indications of margins of the document may be included
in the pop-up menu as is known in the art.

During an annotation session, the eraser end of the
stylus enables the user to erase penned or handwritten
annotations (i.e. annotations generated by the writing tip
end of the stylus) made during that session. Penned
annotations input during previous annotation sessions and
all typed annotations are unaffected by the stylus eraser.
The area on the document which has presently been erased
by the stylus eraser is restored to its initial form from
the beginning of the annotation session plus any typed
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annotations from the current annotation session. In
particular, if the document

is a new blank or ruled page, then erasure of an
annotation produces an unmarked blank or ruled spot,
respectively plus any typed annotations made to the
document in that spot.

In the preferred embodiment, an off-screen bitmap
copy of the document from the beginning of the annotation
session is saved. An on-screen bitmap is used during the
annotation session to display the document and annotations
currently made to it. When the user applies the stylus
eraser, an eraser path is formed on the document. The
parté of the penned annotations made during the current
annotation session which are intersected by the eraser
path determine an erased area. The portion of the
on-screen bitmap which corresponds to the erased area is
replaced by the corresponding area of the off-screen
bitmap, and characters resulting from typed annotations
previously made to the erased area during the current
annotation session are accordingly redrawn in the
on-screen bitmap. The erased area of the document is then
displayed to the user as it initially was at the beginning
of the annotation session with the addition of currently
typed annotations and produces the effect of having erased
selected parts of the current annotation sessions penned
annotations.

In sum, meeting the user's intuitive expectation,
typed annotations and/or complete strokes of the penned
annotations are not erased but rather only those parts of
penned annotations over
which the eraser has passed are erased in a manner similar
to a common eraser erasing pencil markings. In the same
light, the width of the eraser's effective path 1is
preferably wider with the user applying the eraser end to
the tablet with greater pressure.

"All annotations of a document during an annotation
session are sequentially recorded in the relative time

4
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sequence in which they were made and with information
concerning individual paces at which they are made. This
allows subsequent replay of the annotations in the order
and/or at the relative paces in which they were made, &
particularly powerful tool in replay where voice/audio
annotations are synchronized with and accompanied Dy
penned and/or keyboard annotations as they were originally
performed.

In a preferred embodiment, all strokes (i.e. "tablet
felt" movement of the part of the stylus in contact with
the tablet) and gestures (i.e. movement of the stylus in
the air, that is, when the stylus is not in contact with
the tablet) of the writing tip and eraser end of the
stylus are automatically recorded in a “tablet" file of
the computer (i.e. digital processor). All keyboard
strokes are recorded in a “keyboard" file, and all
voiced/audio data is recorded in a "voice" file. Each of
these files contains the respective type of data input
during the annotation session and time marks or other
sndications of relative time of occurrence of the input of
that data. For example, the tablet file may contain a
series of digitized x-y coordinates of one of the ends of
the stylus.

Each series is separated by a delimiter which

provides an indication of whether that end is beginning or
ending a stroke or gesture and the time at which action of
this end of the stylus occurred. The tablet file may also
contain for each point of a stylus stroke on the tablet
digitized values of height of a stylus end above the
tablet, pressure of that end on the tablet, and/or an
indication of which end (writing tip or eraser) is on or
near the tablet.

The keyboard file may contain each key stroke and
an interstroke time where typing comes fast enough that
keystrokes are separated by less than about half-minute
intervals. Where the interstroke time 1is longer than
32,767 milliseconds, the time of occurrence 1s recorded
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along with the series of key strokes inputted through the

keyboard.

The voice file simply records the voiced data in a
digitized form and has an indication of the time at which
that data was input relative to the time that other data
was input through the stylus and keyboard. A silence
compression scheme may also be employed with the recording
of voiced data in the voice file to save memory space. In
trhat case, during replay a noise generation scheme may be
used to replace the moments of silence which were
compressed. Preferably the noise generation scheme
replaces the moments of silence with noise at a volume
which is determined by the original noise level of the
respective moments of silence.

Further, all tablet, keyboard and voice files per
annotation session are catalogued in a table of contents
file referred to as a superfile. The superfile serves as
the table of contents of all annotation sessions and files
from each annotation session associated with a particular
document. The superfile also references the stamp file of
the document and other files of the document as needed.

The superfile and the files containing. annotations to
the document referenced by the super file are used to
provide a time sequenced playback of the annotation
sessions of a document as already mentioned. When a user
selects for viewing a document from the desk view, the
user touches and 1lifts one end of the stylus on the
position on the tablet which corresponds to the position
of ‘the stamp of the desired document on the system desk.
In turn, the document may be displayed from its original
form, from the creation of the document, and in each form
thereafter as changed by each annotation session of the
document and at the pace that each annotation was made to
the document. Hence, the playback is time sequenced with
respect to the timing in which the annotations were
actually made during respective annotation sessions.
Thus, the user views a real time playback of all data

PCT/US89/02147
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input to the document, including voiced data. This
enables ‘the viewer to not only follow the creation of the
annotations (erasures as well as insertions) but also to
view visual indications made to the

document while listening to voiced information which may
correspond to the visual indications. Such a combination
of visual and audio information provides the effect of the
annotating person actually being in the presence of the
viewer during playback delivering written and audio
information relative to the document.

With respect to the technical or working elements of
the invention, the processing of annotations is handled by
a dispatcher for the tablet, a dispatcher for the keyboard
and two groups of procedures respectively employed by the
dispatchers. Each dispatcher receives input data and
passes the data to a procedure. which is referenced by a
changeable output designator of the dispatcher. The
procedure which receives the input data processes the
input data and changes the output designator of the
dispatcher to reference a procedure to process subsequent
input data according to the ©present state of the
annotation session.

The foregoing arrangement provides a state machine
for not only processing annotation input data but also for
displaying a replay of or for printing the annotated
document. In the ©preferred embodiment the tablet
dispatcher may receive the input data directly £from the
tablet and stylus or from a tablet file. Similarly, the
keyboard dispatcher may receive input data directly from
the keyboard or from a keyboard file. Corresponding with
the input to the state machine (i.e.,
dispatchers and groups of procedures) the output of the
state machine may be received by a screen manager for
displaying the processed data on the screen display for
initial viewing or replay, or by a print manager which
causes the brocessed visual data to be printed on a
printer. To that end, printing of the displayed document
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with typed annotations is accomplished by providing to a
printer buffer a sequence of all typed characters and
typed erasures (overstrikes), resulting from the typed
annotations, with respective positions relative to the
document, in the same sequential order in which they were
input through the keyboard and not by order of position of
the characters in the document.

There are also novel technical features of the stylus
and tablet. The stylus is two-ended; that is, the stylus
has a writing tip end and an eraser end. Although not
required technically, and arguably a cause of unnecessary
stylus movement for erasure, the two-ended pencil-like
configuration makes the stylus immediately familiar to and
thus acceptable by any user. Alternatively, the two ends
provide different functions such as writing in different
colors or producing other effects.

Preferably, a tablet processor electronically drives
the two ends of the stylus alternately until one is sensed
to be within proximity of the tablet. The status of the
stylus is then characterized from detected pressure of one
end of the stylus and
distance of that end away from the tablet surface along a
z—axils which is perpendicular to the tablet surface. That
is, the position in 3-D space and motion of the stylus
during use with the tablet (e.g. beginning of a stroke,
end of a stroke, "touch and 1lift" motion, ending portion
of the "“touch and move" motion, writing, erasing) 1is
dete;mined from the detected pressure and z-axis factors.
In a preferred embodiment, the pressure is detected by
a pressure transducer in the stylus, and the distance away
from the surface of the tablet along the z-axis is
detected by a dedicated circuit or a sensing coil in the
tablet.  Another «circuit 1in the tablet detects the
position of one end of the stylus along x and y axes in or
near the plane of the writing surface of the tablet.

Brief Description of the Drawings

I



WO 89/11693 PCT/US89/02147

-15-

The foregoing and other objects, features and
advantages of the invention will be apparent from the
following more particular description of illustrative
embodiments of the invention, as jllustrated in the
accompanying drawings jn which 1like referenced characters
refer to the same parts throughout the different views.
The drawings are not necessarily to scale, emphasis
jnstead being placed upon illustrating principles of the
invention.

Figure la is a schematic view of a data processing
system which embodies the present invention.

Figure 1b is a longitudinal section of a two ended
stylus employed in the data processing system of Figure 1la
which may be cordless or wired to a tablet.

Figure 1lc is a block diagram of a tablet employed in
the system of Figure la. _

Figure 2a is an jllustration of a view displayed
during annotation with the data processing system of
Figure la.

Figure 2b is an jllustration of the desk view
employed in the data processing system of Figure 1la.

Figures 2c-2g illustrate a sequence of views
displayed from invocation of an annotation session during
a running program to the end of the annotation session
which returns to the desk view of Figure 2b.

Figure 2h is another 11lustration of the desk view
with a cursor indicating the repositioning of a document.

~ Figure 3a is a schematic of the working software
elements of the data processing system of Figure 1la.

Figure 3b is a schematic of the software for keyboard
annotations in the data processing system of Figure la.

Figure 4 is an i1lustration of a superfile of the
system of Figure la.

Figure 5 is an illustration of a tablet file of the
system of Figure la.

Figure 6 is an i1lustration of a key file of the
system of Figure la.
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Figure 7 is a schematic of control of the operating
system in the system of Figure la during an annotation
interrupt.

Figure 8 is a schematic of the device drivers
employed by the system of Figure la.

Figure 9 is a flow chart of the Listener routine of
the system of Figure 1la. '

Figure 10 is a flow chart of the Takeover routine of
the system of Figure la.

Figures 11 and™12 are flow charts of the Supervisor
and interrupt routines for processing input data during an
annotation session in the system of Figure la.

Figure 13 is an illustration of contents of a voice
buffer of the system of Figure la.

Detailed Description of the Preferred Embodiment
A data processing system which embodies the present
invention is illustrated in Figure 1la. The system 20
includes a computer terminal 10 with a keyboard 12 and a
display unit 18, a two-ended electronic stylus 14 and an
electronic tablet 16, all of which are connected to and
driven by a digital processor 22. Digital processor 22
may be of the multitask type but a single task type 1is
 assumed in the description of the preferred
embodiment. Preferably a audio assembly 24 having input
and output ports, such as a telephone set, is also
connected to the terminal 10 for combining voice with
visual annotations input through the stylus 14 and
keyboard 12. '
The stylus 14 is used on an upper planar surface of

the tablet 16 to perform certain tasks such as writing a
message and correcting a part thereof, creating a new
document, or retrieving and annotating an existing
document. The actions of the stylus 14 on the surface of
the tablet 16 are displayed on the display unit 18 and the
positions on the tablet have a one to one correspondence
with the view 26 displayed on the display unit 18. Thus,
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as the user applies the stylus 14 to the tablet surface,
an image representation of what the user is doing with the
stylus is provided in the view 26 of display unit 18.

It is understood that display unit 18 provides a
video display and not a panel of light indications. Also
display unit 18 is not limited to a raster type CRT and
may be of an LCD or gas plasma type display unit or of
other display technology. '

The electronic stylus 14 and tablet 16 are generally
of the type described in U.S. Patents 4,644,102, 4,582,955
and 4,577,057 all to Blesser et al. In such systems, the
tablet includes a grid of conductive elements and the
stylus contains an electric coil. The coil in the stylus
is in- ductively coupled to the grid in the tablet by
energizing either the coil or the grid with an AC voltage
signal. The voltage signal induced in the other component
is then measured and used to deter—- mine the position of
the stylus relative to the grid. The unique features of
the electronic stylus 14 and tablet 16 of the present
invention are presented next in conjunction with Figures
1b and
1c.

The two-ended stylus 14 operates from either end, the
writing tip end 30 or the eraser end 28. When in close
proximity (about 2 cm or less) to the surface of the
tablet 16 the writing tip end 30 is sensed and indicated
in the view 26 of display unit 18 by a cursor 300. The
cursor 300 depicts a sharpened pencil tip in the preferred
embodiment as shown in Figure 2a. Two factors are used in
sensing the proximity of the writing tip end 30 of the
stylus 14 to the surface of tablet 16. The factors
include a height position along an axis perpendicular to
the tablet surface (i.e. 2z-axis) as detected by circuits
69 (Figure 1lc) of the tablet 16 and a pressure indication
sensed by a pressure transducer 71 (Figure 1b) 1in the
stylus 14. The same factors are used in determining the
proximity of the eraser end 28 of the 'stylus 14 to the
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tablet surface, pressure of the eraser end 28 also being
detected by pressure transducer 71. When the eraser end
28 is in proximity of the tablet surface, an indication,
such as a cursor 280 depicting a pencil top eraser (Figure
2e), is displayed in the view 26

of display unit 18 at the position corresponding to the
position of the stylus eraser end 28 on the tablet
surface. For reasons discussed below, independent z-axis
and stylus—end pressure factors are determined.

To accomplish the foregoing, the tablet 16 comprises
an x— and y-axis sampling circuit, where x and y are
orthogonal axes in the plane of the tablet surface, and a
separate z-axis sampling circuit. It is understood that a
multiplicity of loop configurations for the sensing coils
forming the x and y and the z sampling circuits are known
in the art. Hence, Fig. lc provides a block diagram of
tablet 16 with blocked area 69 generally referring to the

sensing coils of the x and y and z sampling circuits. It

is noted however, that positional phase discrepencies of
the tablet sensing coils can be corrected computationally
in tablet processor 67 or by a higher resolution loop such
as a separate z-axis sensing loop used in the present
invention. The x- and y-axis and z-axis sampling circuits
operate on a predetermined schedule and generate signals
at x, y and z in Fig. 1lc. The signals are subseguently
received and digitized into respective quantitative values
by tablet processor 67. The digitized values are used by
processor 22 (Fig. la) in a relationship known in the art
to provide an indication of position of the stylus 14
relative to the tablet 16 along the %, y and z axes.

In the preferred embodiment the z-axis sampling
circuit senses stylus end height and transfers indicative
signals to tablet processor 67 which
transmits z-axis height values to processor 22. Along with
the z-axis wvalues, tablet processor 67 +transmits to
processor 22 quantitative, multivalue pressure
measurements p (Fig. 1lc) and corresponding x- and y-axis
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values for the stylus end. The processor 22 uses the
transferred height and pressure values to determine
proximity of the stylus end in relation to the tablet
surface. It is noted that such a determination is based
on multivalue, quantitative measurements in contrast to
qualitative, yes/no indications used in existing devices.

In addition, the writing tip end 30 and the eraser
end 28 of the stylus 14 are alternately driven by tablet
processor 67 (Fig. 1lc). When one end is moved into and
sensed in proximity of the tablet surface, then just that
end is driven. When the writing tip end 30 is in
proximity of the tablet surface, it alone is driven and
responds to three different manners of operation to
provide three different effects. A "touch and 1lift"
operation of the writing tip end 30 is used for selecting
an item. Preferably, once the writing tip end 30 makes
contact with the tablet surface, the "touch" part of the
operation is defined but the user must 1ift the tip end 30
from the tablet surface within the succeeding second or so
to define the "lift" portion of the operation. If the
user delays in 1lifting tip end 30, then the "touch and
1ift" operation of writing tip end 30 is not invoked and
no effect results. A "touch and move" operation enables
the
user to move a displayed item anywhere in view 26 of
display unit 18. The operation is invoked upon the user
placing the writing tip end 30 on the tablet surface and
moving the tip end 30 while maintaining it in contact with
the tablet surface for more than a preset number of
pixels, for example about 4 pixels. The third manner of
operation is writing with the writing tip end 30 of the
stylus 14 to insert markings on a chosen displayed
document. The wuse and effect of these writing tip
functions will be further discussed later. '

The eraser end 28 when 1in proximity of the tablet
surface is driven alone to provide the "touch and 1ift"
and “touch and move" operations and effects thereof
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similar to the writing tip end 30. The eraser end 28 when

driven alone also allows operation in a manner which is
similar to the writing function of the writing tip end 30.
However, instead of inserting markings, the eraser end 28
removes desired parts of markings which have been made by
the writing tip end 30 within the same session of
writing/erasing on a chosen displayed item. Further, the
eraser end 28 removes markings in a wider band than the
band in which the writing tip end 30 writes. The eraser
end 28 may thus be thought of as wide-ended and the
writing tip end 30 may be thought of as a fine point pen
end.

The two ended stylus may be cordless in one
embodiment but is not 1limited to such. In other
embodiments, the two ends of stylus 14 may provide
different functions other than writing and erasing.

Generally, the communication system 20 provides two
environments in which annotation and manipulation of
documents is performed. One environment is best described
as a computer work area called the user's system desk
which contains images of all the documents in the user's
possession. The second environment provides a view of a
single selected document including a new document and
enables annotation or creation of that document with
stylus—written/erased, keyboard-typed and audio inputted
annotations.

The second environment 1is referred to as the
“annotator" and may be invoked from any view on display
unit"'le at any time. For example, the annotator may be
invoked du;ing a working program. In that case, the
annotator 1s invoked by the user placing the writing tip
end 30 or eraser end 28 of the stylus 14 in proximity of
the surface of tablet 16. The processor 22 responds to
such positioning of the stylus 14 by causing the document
being currently displayed on display unit 18 to become the
working document 61 as shown in Figure 2a for the invoked
annotation session. As used herein, an annotation session
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is that period of time between the invocation of the
annotator for a particular document and a subsequent
cessation of use of the annotator with that document.

The currently displayed document 73 of the working
program may be reformatted as illustrated in Figures 2c
and 2d to provide the working document 61 for the invoked
annotation session. If necessary, the processor 22
changes the currently displayed
document 73 (Figure 2c) of a working program from text
mode to graphics mode. A character generation program
converts text to graphics. Also, the processor 22 changes
the currently displayed document 73 (Fiqure 2c) from a
dark background with 1light print to a 1light background
with dark print as shown in Figure 2d to form the working
document 61 to be annotated. Thus, the working document
61 (Figure 2d) which 1is displayed for the invoked
annotation session is driven in a graphics mode and may be
a reverse video of the display of the document during the
working program.

The annotator may also be invoked from the user's
system desk which is displayed in a central view of the
communication system 20 called the desk view 32 shown in
Figure 2b. The desk view 32 is central to the various
tasks and applications of the system 20. In a preferred
embodiment, the desk view 32 provides miniaturized images
or stamps 34 of various documents which are in the
computer work area of the user, that is, which are on the
user's system desk 36. The stamps 34 of the documents
may be moved around on the system desk 36 by the user
operating the writing tip end 30 or the eraser end 28 of
stylus 14 in the "touch and move" manner. This involves
the user pointing with and placing one end of the stylus
14 on a position on the tablet surface which corresponds
to the position of the desired document stamp 34 as
displayed in the desk view 32, dragging the stylus end 28,
30 across the surface of the tablet 16 to the desired
position on the tablet 16 which corresponds to the desired
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ending position in the desk wview 32, and removing the
stylus end 28, 30 from the tablet surface. During the
dragging of the stylus end 28, 30 across the tablet
surface, the display unit 18 shows the desired document 34
being moved from its initial position to the desired
position on the system desk 36 in correspondence with the
dragging of the writing tip end 30 across the surface of
the tablet 16. When the user lifts the stylus end 28, 30
off the surface of the tablet 16, he stops operation of
the stylus in the "touch and move" manner and thus ends
the ability to move the document stamp 34 on the system
desk 36. By multiple use of the "“touch and move"
operation, the document stamps 34 may also be stacked in
certain desired groups established by the user.

Preferably, a cursor 301 depicting a close fisted
hand is 1illuminated adjacent one side of the document
stamp 34 being moved as illustrated in Figure 2h. The
close fisted hand cursor and adjacent document stamp 34
move in the same pattern along the system desk 36 as the
stylus end 28, 30 moves along the tablet surface.

In addition to the various stamps of documents, the

desk view 32 (Figure 2b) provides indications of various
depositories for documents, and various operations of
processor 22 that the user can elect to perform from the
user's system desk 36. One depository 1is preferably
labelled the "In Box" 63 for receiving all new documents
created by the user and any mail sent to the user as shown
in Figure 2b.
An ‘icon representing an In Box may be similarly used
instead of the labelled depository 63. Other depository
areas are labelled with names of other wusers in
communication with the terminal 10 of the user. These
named depositories serve as outgoing mail drops for the
user to send documents to a particular user.

To send documents to other users who do not have an
associated named depository on the user's system desk 36,
an electronic mail system is used. An area on the desk 36

=
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labelled "mail" provides the user with the services of the
electronic mail system. To select or request such
services, the user uses the "touch and move" method of use
of the stylus 14 to place the stamp of the document to be
mailed on the area labelled "mail" in the desk view 32.

Another labelled area in desk view 32 provides the
processor operation for printing a document. Selection of
this operation is similar to that of the mail services.
Other 1labelled areas in desk view 32 provide processor
operations to provide a new piece of paper (e.g. to create
a new document) and to return to a working program.
Selection of these operations is by the user "touching and
lifting" the writing tip end 30 or eraser end 28 on the
corresponding position on the tablet 16.

The various 1labels corresponding to the different
processor operations may be prearranged in a list fashion
to form a menu as is known in the art. In the preferred
embodiment, the selections are arranged as individual
box-like areas 38 or icons moveabley positioned in a row
along one or
more sides of the user's system desk 36 instead of in a

menu. The Dbox-like areas 38 preferably provide the
operation selections of "note pad" to provide a blank new
document, "All Done" to return to a working program,

"trash can" to dispose of a document, "printer" and "mail"
as discussed above. It is understood that other selections
may be similarly employed.

A detailed description of the operations of the
system desk 36 and the desk view 32 is beyond the scope of
the present invention and is left for a related patent
application which is assigned to the assignee of the
present invention and is to be filed subsequently. Only
those parts of the system desk 36 which relate to the
annotator are described in detail in the following
discussion.

A user invokes the annotator from the desk view 32 in
one of two ways. In one way, the user selects a displayed
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stamp 34 of a document for reading and/or annotating from
the system desk 36 (Figure 2b) by touching and 1lifting
with one end 28, 30 of the stylus 14 on the position on
the surface of the tablet 16 which corresponds to the
position of the shrunken image of the document in the desk
view 32 exhibited on display unit 18. Thereafter, the
processor 22 receives the signals sensed by the stylus 14
and tablet 16 and processes the signals to display in full
size on display unit 18 the document selected for
viewing. During the full screen size display of the
selected document illustrated by Figure 2a, the user may
annotate the document 61 with a desired combination of
stylus performed '

(insertions and/or erasures), typed and voiced/audio data.

In the second way of invoking the annotator from the
desk view 32 (Figure 2b), the user "touches and 1lifts" one
end 28, 30 of the stylus on the position on the tablet 16
which corresponds to the pertinent box-like area 38
displayed, for example the "note pad" option in box-like
area 38, on one side of the desk view 32 shown in Figure
2b. The "touching and 1lifting" on the pertinent selection
results in a blank view being displayed to provide the
user with a "clean sheet of paper" on which to write. In
a similar manner, a selection from the proper box-like
area 38 may provide a new ruled sheet of paper or
predefined form.

Once invoked, either from a working program (Figure
2c) or the desk view 32 (Figure 2b), the annotator
opera{:es on the displayed document which is either a blank
new document or a document chosen from the system desk 36
or a document from a working program. In the case of a
document from a working program, a copy of the document
before annotations are made to it is saved in an original

screen buffer 57 (Figure 3a). The copy may be in graphics

or text mode, and the copy is used at the end of the
annotation session and during replay of annotation
sessions of the document described later. In the case of

PCT/US89/02147

"

L



WO 89/11693 PCT/US89/02147

—-25—

a blank new document, a variable or flag is set to
indicate such as the origin of the document instead of
saving a copy of a blank page in the

original screen buffer. Preferably, the variable or flag
indicates whether the new blank page is ruled or plain.
Other types of paper could also be indicated.

During the invoked annotation session the processor
22 receives signals from the writing tip end 30 of stylus
14 to provide the writing function of the stylus. While
in its writing function, the writing tip end 30 of the
stylus 14 is used to insert penned annotations to the
displayed document as would normally be done directly to
the document with any common pencil. In a similar manner
the user erases penned annotations with eraser end 28 of
stylus 14 as is normally done with a pencil eraser. As
illustrated in Figure .2a, the cursor 300 depicting a
sharpened pencil tip is shown on the displayed document 61
in the position corresponding to the tablet position of
the writing tip end 30. Likewise, as shown in Figure 2e,
cursor 280 depicting a pencil eraser is shown in the
displayed document 61 in the position corresponding to the
tablet position of the eraser end 28. Both cursors 280,
300 provide visual indications relative to the document of
the user's actions with the eraser end 28 and writing tip
end 30 respectively on the tablet 16.

From the wuser's perspective, simultaneous with
processing of penned annotations from the stylus 14, the
processor 22 receives and processes annotations inputted
through the keyboard 12 and audio assembly
24. A typing cursor 163 (Figure 2a) indicates the
position on the displayed document where annotations
inputted through the keyboard 12 are currently inserted.
The typing cursor 163 is preferably an upright rectangular
box with dimensions equal to the current font height and
width. A horizontal line corresponding to the base line
on which the bottom of a character body sits is drawn
inside the rectangle. ‘
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Typing cursor 163 is able to be freely repositioned
by the "touch and move" method of use of either end 28, 30
of the stylus 14. More importantly, the user is able to
move the typing cursor 163 to various initial cursor
positions on the displayed document 61 and begin insertion
of typed annotations at each initial cursor position
through the keyboard 12. Each of the inserted typed
annotations beginning at an initial cursor position, which
is not in the vicinity of previously inserted typed
annotations, establishes a local grid of character spaces
which is independent of other local grids and independent
of any global grid of character spaces over the whole
document 62 common in existing text processing devices.
Thus unlike existing text or word processors, typed
annotation input through keyboard 12 is not constrained to
a specific columnar or 1linear structure for the entire
document. Just as the stylus 14 allows the user to freely
annotate anywhere on the document 61, annotation through
keyboard 12 is flexible enough to allow the user to enter
textual input at any position on the document at a given
time, ' ’
establishing only 1local, as opposed to global, grid
structures. '

An example of the need for this type of flexibility
is in the completing of scanned forms, certain fields of
which may be boxed or underlined. In this case the user is
then constrained by the document's columnar and linear
structure. If the wuser were wusing a conventional
typewriter, the wuser would be able to position the
document exactly where he so desires by moving the paper
scroller perhaps half a line up or down and sliding the
document to the left or right, so that the user may enter
characters in the correct position on the document form.
If the user were using a word or text processor, the
document would be associated with a rigid columnar and
linear structure known as a global" grid that dictates
where characters could be placed on the document.
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Further, in a word or text processor the textural
input is stored as a sequence of related character
strings. In the present invention, each text string
representing the inserted typed annotations beginning at
an initial cursor position is stored in a grid buffer 89,
and the beginning character of the text string is
referenced in a look-up table 93 illustrated in Figure 3b
and described next. By entering through keyboard 12 a
text string beginning at some position (x1, yl) in the
screen view 26, the user defines a grid of character
spaces that is local only to that text
string as illustrated by the dashed lines which form a box
around the text string. Information regarding local grids
are stored in memory in a two-—
dimensional singly 1linked list which forms the look-up
table 93. The major axis of the look-up table 93 begins
with a header y-node 91 which points- to a 1list of
y-nodes, each y-node containing information about y or
line positions of new local grids and two pointers. One
pointer points to the next y-node entry in the list.
Preferably the y-nodes are Kkept sorted in order of
increasing y. The other pointer of the y-node points to at
least one x-node associated with that particular y-node,
x-nodes referencing the lateral or character space
position within a line. Each x-node contains information
about starting x or lateral space location of a respective
local grid, the extent of the text string in the local
grid (i.e. the number of characters that currently define
the actual length of the corresponding text string), the
number of characters in the text string that are actual
valid characters currently displayed to the user in the
screen view 26, and an index into the grid buffer 89
which contains the actual input characters themselves.
Also contained in each x-node is a pointer to the next
x-node in the list of x-nodes under a particular y-node.
The x-nodes are kept sorted in order of increasing x.

As mentioned above, the structure in which the actual
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~text strings themselves are stored is a grid buffer 89 of

character cells. These character cells are allocated to
each local grid only as needed for storing input
characters. The information about the

current state of the local text strings is kept solely in
the x and y node linked list 93. If a local grid needs to
be extended beyond its current length, the grid buffer 89
inserts a link at a last possible character position
corresponding to the local grid and 1links some unused
portion of the grid buffer 89 to the local grid.
Therefore, the local grids can grow dynamically should
they need to. After a local grid is defined, the typing
cursor 163 will align to the 1local grid if the typing
cursor 1s in a certain small distance from the extents of
the local grid in either x or y direction or both. This
occurs during both typing cursor 163 movement and during
textural input through the keyboard 12. The sensitivity
of the typing cursor alignment is preferably set such that
positioning the typing cursor within one character width
of the horizontal extent of a 1local grid in the x
dimension or within one character height in the vy
dimension of a local grid is considered to be within the
extent of the local grid. This sensitivity factor may be

- different in other embodiments of the invention.

An example of the foregoing is illustrated in Figure
3b. In the screen view 26 the user types the text string
“hello world" beginning at the x1 position in 1line 2
The processor 22 records the characters of the text string
in the grid buffer 89 beginning at cell 2 for example.
Next, the processor 22 establishes a pointer from the head
y-node 91 to a yl node and a pointer from the yl
node to an x1 node. The x1 node is initialized with the
number of current characters in the text string and the
number of valid characters in the text string. Also, the
beginning grid buffer cell, cell 2, of the text string is
referenced in the x1 node. The Xl-yl node defines the
local grid of character spaces starting. at the x1, b !
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position and ending at the (x1+ll1, yl) position and
containing the characters recorded in grid buffer 89 from
cell 2 through cell 12. The local grid is illustrated as
a dashed 1line box about the typed annotation "hello
world". When the user inserts the word "name" on line yl
beginning at the x2 position in that line, the processor
22 records the characters in the grid buffer 89 beginning
at cell 17 for example. Processor 22 then establishes a
pointer from the yl node to a y2 node in the look-up table
93 and establishes a pointer from the y2 node to an x2
node. The x2 node contains the number of the grid cell
(i.e. cell 17) at which the newly inserted text string
begins in the grid buffer 89 and the number of characters
and valid characters in the text string. The x2-y2 node
defines the local grid of character spaces beginning at
the (x2, y2) position for the text string "name". The
dashed line box about the word "name" in screen view 26
illustrates the local grid formed for that newly inputted
text string. At the end of the of the list of y nodes a
nil terminator 1is positioned. Similarly at the end of
each list of x nodes a nil terminator is positioned.

In a preferred embodiment during an annotation
session, a representation of the text of the desired
document (or the blank new document) is displayed in the
view 26 of display unit 18 by a working-copy bitmap held
in a current screen buffer 40 as shown in Figure 3a. Aan
off-screen bitmap of an initial copy of the document is
stored in an erase buffer 42 and serves as a reference
copy’ of the document before annotations are made during a
current annotation session. All marks written by the
writing tip end 30 of the stylus 14 onto the tablet 16 are
reflected on the working-copy bitmap and are subsequently
displayed on display unit 18. When the eraser end 28 of
stylus 14 is applied to the tablet 16, processor 22 refers
to the off-screen bitmap of the initial copy of the
document which is held in the erase buffer 42 to determine
what bits are needed to restore the erased area to what
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was originally displayed in the view 26 in the erased area
at the beginning of the current annotation session.

The copy of the document in the original screen
buffer 57 is not necessarily a bitmap representation and
cannot be as efficiently used as a reference copy as the
off-screen bitmap held in erase buffer 42. Thus although
the state of the document represented by the copy in
original screen buffer 57 and that of the copy in erase
buffer 42 are the same, the two representations are
readily useable for different purposes. Preferably one
representation is an optimal form, in handling time and
quality, for printing the document, and the
other representation is an optimal form, in handling time
and quality, for displaying the document on the screen
display 18. '

In the case of a blank new document being annotated,
an off-screen bitmap of the new document 1is not
necessarily stored in the erase buffer 42. Instead, the
erased area may be restored by the processor 22 changing
the corresponding bits in the working copy bitmap in
current screen buffer 40 to reflect a blank area. If the
document was a new piece of ruled paper then the
corresponding bits in current screen buffer 40 are changed
accordingly to provide unmarked ruled areas for the erased
areas. The wvariable or flag which indicates that the
document being annotated is from a blank or ruled piece of
paper alds the processor 22 in determining for which
documents such bit generation is applicable.

It is noted that application of the eraser end 28
only affects the desired portions of penned annotations
made during the current annotation session. Penned, typed
or audio annotations of prior annotation sessions are not
erasable in the current or any succeeding annotation
sessions. Currently typed annotations are preferably
prevented from being erased by the stylus eraser end 28 in
the following manner. All typed text that is within a
path of stylus erasure is reconstructed in the screen view
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26 in real time. This saves memory space by the typed
characters being displayed only in the current screen view
26 and by having no other

video page holding character bitmaps to load in during
erasure. The processor 22 determines the x-y positions
within the erasure path and searches the x-y linked 1list
93 for those =x-y positions to determine the typed
characters which are within or intersected by the erasure
path. The grid buffer 89 is accessed for the ASCII codes
of the affected typed characters, and the characters are
quickly rewritten to the screen view 26 during or
immediately after erasure by the stylus end 28.

Typed annotations generated in the current annotation
session are erasable by keyboard means such as a backspace
key or a delete key commonly known in word processing and
typing systems. Preferably, the backspace key causes the
typing cursor 163 to move one character width to the left,
and overwrite (or overstrike) the character currently
there, 1if there 1is one. If there 1is no character
currently defined there, the backspace is handled simply
as a left arrow moving in free screen space. Entering a
backspace in the vicinity of a local grid causes the
number of valid characters associated with that local
grid's x node to be decremented. Recognition of the valid
characters during erasure comes into play when the actual
bitmap on the screen is erased. By using the information
in the =x-node of the associated local grid to traverse
through the characters of the 1local grid, the correct
ASCIT code for the character to be erased can be
obtained. A "white" character is then
written to the screen view 26 in the corresponding x-y
position, hence ‘"erasing" the black character 1in the
screen view. An illustration of -white overstriking
characters erasing the word "uses" is provided after the
typing cursor 163 in Figure 2e. If all of the characters
within the extents of a local grid are erased and the
valid character field of the x-node decreases to zero, the
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x-node entry is removed from the linked 1list 93. If the
x-node was the only one associated with a particular
y-node, that y-node is also removed from the look-up table
93. The y 1line in wview 26 corresponding to a removed
y—node 1is "freed" and the typing cursor 163 can float
freely over and around that line.

A tablet file 44 of the annotation session records
the sequence of the annotations made by the writing tip
end 30 and eraser end 28 of the two- ended stylus 14. A
keyboard file 46 of the annotation session records the
sequence of the annotations made through keyboard 12. The
tablet file 44 and keyboard file 46 are referenced in a
superfile 88 of the document which catalogues all tablet
and Kkeyboard files of all annotation sessions of the
document. Further details of the superfile 88 are given
later.

As 1illustrated in Figqure 2a, during each annotation
session, a pop-up menu 78 is displayed in view 26 whenever
the stylus is sensed to be 1idle (i.e. not writing,

erasing, or making a selection by “touching and
lifting"). Preferably, the pop-up menu includes the
options of "go to desk", "blank paper", "ruled paper",

"erase notes",,“playback“,
“shrink menu", "hide (show) ruler" and "“all done".
Selection and use of each of these options is discussed
below.

The user establishes a typing environment by means of
a graphical ruler interface containing margins and tabs.
Using;, the "touch and 1ift" operation of one end of the
stylus 14 to choose the "show ruler" option from the
pop-up menu 78 causes a ruler to be displayed along the
top of the document 61. On the ruler are left and right
margin icons, denoted preferably by black downward
pointing triangles that 1look 1like the 1letter V. The
default position for each margin is one inch from either
edge of the document 61. Using the “touch and move"
operation of the stylus 14, the user moves the margins
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freely in the horizontal direction to any location on the
document within 1/4" from the edge of the document. The
typing cursor 163 1is always located somewhere between the
two margins as they define the allowed "“typing area". For
example, moving the typing cursor 163 near the left hand
edge of the document 61, and then moving the left hand
margin to the middle of the screen view 26 causes
processor 22 to move typing cursor 163 inwards so that it
is never outside of the allowed typing area defined by the
margins.

Tab icons are preferably denoted as right pointing
black triangles. The tab icons preferably are sliding
icons on a 1/4" wide white strip beneath the ruler. At
the left end of the white tab strip
is a box from which new tabs are taken and to which old
tabs are returned using the "touch and move" operation of
one end of the stylus 14. The user establishes a tab by
touching a tab icon in the tab box with an end of stylus
14, moving the tab icon to a desired tab stop location
with the stylus end, and 1lifting up the stylus end to
cease operation of the "touch and move" function. Tabs
are dynamic entities, hence currently defined tabs can
have their 1icons touched and moved anywhere on the tab
strip. Each tab icon must be placed in its own "discrete"
position, positioning a new tab icon tooc close to a tab
icon of a previously defined tab will cause the newest tab
icon to be erased from the screen view 26 and returned to
the tab box to be used again.

"As stated previously the wuser 1s able to type
characters at any time within the area dictated by the
margins. The current position of the typing cursor 163 is
the position at which the next typewritten character is
written to the document 61. After the character has been
input, the typing cursor 163 is moved one font width to
the right. Should the typing cursor 163 move to within the
vicinity of the right margin, the typing curs.or will auto
wrap to the left margin position on the next line. If
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there is any previously entered text there, the typing
cursor will automatically align with a character space of
the 1local grid established by the previously entered
text. If the typing '

cursor 163 comes into the vicinity of the right margin in
the middle of a word, the entire word is automatically
wrapped to the next line.

By touching and lifting one end 28, 30 of the stylus
14 on the position on the tablet 16 corresponding to the
"playback" option in pop-up menu 78, the user selects that
option. Selection of the ‘"playback" option during an
annotation session of a document provides a replay of each
form of the document from its origination through each
annotation session up through and including the present
annotation session. More importantly, the replay provides
a relative time sequence of the annotations made to the
document in all annotation sessions of the document. In
one embodiment, the user may request playback of the
annotation sessions in a desired order and at an increased
pace than the pace in which the annotations were
originally input. In particular, the "playback" option of
the pop-up menu 78 may provide "fast forward" and "rewind"
options similar in use and effect to “fast forward"” and
"rewind" options of commonly known recording devices. At
the end of the replay, the document and processor 22 are
ready to continue the annotation session.

A new annotation session may be started from a
current annotation session with the selection of the
pop;up menu 78 options for changing the type of paper
currently being annotated to blank or ruled paper. The
user selects the "blank paper" or “"ruled
paper" option by using the "touch and 1lift" manner of
operation of one end 28, 30 of the stylus 14 on the
corresponding position on tablet 16. The processor 22
provides the selected type of paper by generating the
corresponding screen view and accordingly initializing the
current screen buffer 40 and erase buffer 42 with original
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contents for the new annotation session. The processor 22
saves the document which was being displayed at the time
the "blank" or "ruled" paper option was chosen and saves
any annotations made to it during that annotation
session. Accordingly, processor 22 replaces an updated
stamp of the document for the last stamp of that document
on the user's system desk.

The selection of the "erase notes" option in the
pop-up menu 78 provides a new start of the current
annotation session. The processor 22 discards all the
erasures and additions made prior to the user "touching
and lifting" the writing tip end 30 or eraser end 28 on
the corresponding position on tablet 16 to select the
"erase notes" option. That 1is, the processor 22 clears
the working bitmap in current screen buffer 40 and the
tablet file 44 of all the annotations made thus far in the
annotation session and refreshes the screen view 26. As a
result, the document currently being annotated 1is
displayed without any of the annotations made to it thus
far in the current session.

In accordance with the foregoing, the user is able to
begin a first annotation session with a first document,
say for example from the system desk 36, annotate the
first document, and select the "ruled (blank) paper"
option to create a new document in a second annotation
session by annotating the new piece of ruled (blank)
paper. Upon the user selecting the ruled (blank) paper
optio,n, the processor 22 updates the stamp of the first
document on the user's system desk 36 to include the
annotations made in the first annotation session which
were not discarded by a selection of the "erase notes"
option. At the end of the second annotation session,
processor 22 creates and places a stamp of the new
document in the In Box 63 on the syétem desk 36.

The same or similar results would occur whether the
first document is from the interruption of a working
program, a stamp on the system desk 36, or the selection
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of the "note pad" option in the desk view 32. Selection
of the "note pad "“option or interruption of a working
program to obtain the first document in the above scenario
causes a stamp to be formed to represent the newly created
document with its annotations from the annotation session.
The stamp of the new document is placed in the In Box 63
on the system desk 36 and remains there until the user
returns to the desk view 32 and removes the stamp from In
Box 63.

A current annctation session may also be ended by the
user selecting a pertinent option from the
pop-up menu 78 displayed in view 26 during the annotation
session. The pertinent options of pop-up menu 78 in the
preferred embodiment are: '"go to desk" and "all done".
By using the "“touch and 1lift" manner of operation of one
end 28, 30 of the stylus 14 on the position on the tablet
16 which corresponds to the position of the selection to
return to the system desk 36 (i.e. the "go to desk"
option), the user ends the current annotation session and
enters the desk view 32. Similarly by the user "touching
and lifting" stylus end 28, 30 on the position on tablet
16 corresponding to the position in view 26 of the "all
done" option, the user ends the annotation session and
reenters the working program at the point where the
annotator was invoked.

Upon returning to the desk view 32 (Figure 2g) or the
working program, a “stamp" which is a shrunken image or
miniaturization of the annotated document at the end of
the annotation session is added to the system desk 36, in
the case of a blank or ruled paper or a new document from
a working program having been annotated. In the case of a
previously annotated document having been annotated in the
annotation session, an updated stamp replaces a previous
stamp of the document on the desk 36. In a preferred
embodiment, the stamps of annotated documents are
processed in the order in which the documents were
annotated. Hence, a stamp of the document last viewed or
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last annotated in the last

annotation session is generated last. New stamps, that
is, stamps of the new documents are placed in the In Box
63 (Figure 2g) with the first generated new stamp on the
bottom of the In Box and the last generated new stamp at
the top of the In Box 63. Although a first-in, last-out
ordering of the stamps in the In Box is described, other
orderings of the stamps are suitable and can be specified
by the

user.

Production of a stamp on the user's system desk is
accomplished by a stamp file 80 (Figure 3a) of the
document which holds in a compressed form a currently
updated image of the document as affected by the last
annotation session. The stamp file 80 is generated from
the working copy bitmap in current screen buffer 40 at the
end of each annotation session and 1is stored in disk
memory 43 outside of local memory where the annotator
operates.

Also placed in disk memory 43 at the end of each
annotation session is a snapshot of the last view of the
annotated document displayed on the monitor screen. The
bitmap of this last view is formed from the working bitmap
in current screen buffer 40 and is held in an intermediate
file 84 (Figure 3a) which is wused for everything but
playback of annotations or printing of the document as
finally affected by the annotation session. Hence, the
intermediate file 84 contains the most current
repf:esentation of the document with its
annotations from all annotation sessions. In the interest
of memory space, the ‘image data from the working bitmap of
current screen buffer 40 1s compressed to form the
contents of intermediate file 84.

At the end of the first annotation session of a new
document formed from a working program, the contents of
the original screen buffer 57 is copied to an original
screen file 86 in disk memory 43 as shown in Figure 3a.
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Original screen file 86 enables replay or playback of the
document as described
next.

Playback of the annotation sessions of a document may
be invoked from the desk view 32 (Figure 2b). The user
“touches and lifts" stylus end 28, 30 on the position on
the tablet 16 which corresponds to the position of the
stamp (shrunken image) of the document 34 in the desk view
32. The document 34 (Figure 2b) is then displayed in full
screen size in view 26 of the display unit 18 from an
original form through a chronological sequence of
annotations made to it during all the past anno- tation
sessions of that document up to that time. The original
form of the document is stored in original screen file 86
in disk memory 43 as mentioned above and shown in Figure
3a. The contents of the original screen file 86 is either
a scanned image, or a text mode or graphics mode image of
the document as stored in original screen buffer 57 at the
first time the annotator was invoked for
that document as described previously. The original
screen file 86 during playback provides the background of
the display, and the tablet and Kkeyboard files 44, 46
provide the sequence of annotations made to the document.
In the case of a document which originates as a blank or
ruled page, no original screen file is saved for that
document since nothing is stored in the original screen
buffer. Only the indication of the document originating
as a blank or ruled page is saved, and on playback the
prcdessor 22 responds to the indication by generating a
corresponding blank or ruled page for the background of
the display.

A document may also be longer than the display screen
and/or have several pages. In one embodiment, scrolling
from top to bottom of a single page or sequentially from
one page to succeeding or preceeding pages is enabled by
means known in the art. Preferably when either end of
stylus 14 is positioned near the area on the tablet 16
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which corresponds to the edge of thé document being
annotated, a cursor 100 depicting a close-fisted hand is
displayed at the respective position at the edge of the
document as shown in Figure 2f. The close-fisted cursor
100 appears to scroll a page of the document or a
multipage document itself from one page to another, line
by line, at a rate and in a manner dictated by the user's
“touching and moving" the stylus along the corresponding
tablet area.

In another embodiment, each page is treated in a
separate annotation session in a manner as described
above. Each page has its own original
screen file or ruled/blank page indication which provides
a text mode or graphics mode image or processor generated
image, respectively, of the page from the first time the
annotator was invoked for that page. The original screen
file or indication of each page also provides the
background of the display of the corresponding page during
replay of an annotation session as described above. Each
page also has its own intermediate file containing a bit
map of the last screen of an annotation session of the
page as described above. The intermediate files
corresponding to the pages of a document enable the
processor 22 to quickly £lip through the pages of a
document.

Oon the other hand, no matter how many pages a
document has, the document only has one stamp file 80 and
one superfile 88 (Figure 3a). The image of the page which
was annotated in the last invoked annotation session of
the document is compressed to form the contents of the
stamp file 80. After each annotation session, the stamp
file 80 is updated according to the page of the document
that was last annotated during that session.
Alternatively, a stamp and thus a stampfile 80 for each
page of a document may be used. The superfile 88 serves
as a directory of all files of the document. In the
preferred embodiment, the stamp file 80 and the superfile
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88 of the same document both share a common base name.
The stamp file adds the suffix ".wst" for example and the
superfile 88 adds the

suffix ".wsf". The processor 22 refers to a document by
the base name of its superfile/stamp file, and reference
to the other files of the document are made by the base
name in combination with appropriate suffixes.

For simplicity, reference is made to the document as
a whole throughout the following discussion, but it is
understood that each ‘page of the document may be treated
in the manner described for the document. Also, as used
herein the term “"document" refers to a still display of
one or more images or one or more single screens of
information and is not meant to be confused with a
sequence in time of frames of images which form an
animated picture. Hence, a "displayed document" refers to
an image representation of a document which is viewable on
a computer display screen. Further, a replay of the
annotation of a document is a replay of the creation of a
definable composite image as opposed to a replay of a
sequence of created images in the case of animation.

In addition to visual (i.e. hand-written, erased and
typed) annotations, audible or audio annotations may also
be made to the document, or any page thereof, during an
annotation session. 1Instead of annotating the document
with the two ends 28, 30 of the stylus 14 and/or with the
keyboard 12, the user may voice a message or otherwise
generate a sound-made message during the annotation
session into an audio assembly 24 shown in Figure la or
other receiver/speaker unit connected to the digital
processor 22. Like the tablet file 44 and keyboard file
46 of TFigure '3a, a voice file 48 records the
voiced/sounded annotations generated during an annotation
session. Each voice file 48 of a document is catalogued
in the superfile 88 of that document. During playback,
handwritten, erased, typed and voiced annotations are
displayed/sounded in a manner in time °'sequ.ence which
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mimics the way those annotations were originally made to
the document.

Alternatively, the handwritten/erased and typed
annotations alone may be played back in time sequence
order at an increased rate. At the end of the display of
the quickened sequence of handwritten, erased and typed
annotations, a system message is displayed on display unit
18 to inform the user that voiced/audible annotations
exist for this document and are able to be heard over the
output port of the audio assembly 24 1in proper time
sequence that the voiced annotations were originally
dictated.

The superfile 88 of each document is organized as a
table of contents which is at any time appendable. Each
entry in the table of contents
references one annotation session of that document and
lists the types of files created during that annotation
session. Hence, the superfile 88 provides a history of
all annotations sessions of a document.

In a preferred embodiment as illustrated in Figure 4,
a superfile 88 of a document has a header record 90 and
one or more session records 92. The header record 90
contains information which is general to the document such
as the number of pages and last accessed page of the
document. Every time a user completes an annotation
session, a session record 92 is created and keeps track of
pertinent information for that annotation session. The
session record 92 1is then appended to the end of the
supérfile 88 for the document. Each annotation session is
named and the annotation session name is stored in the
session name field 96 of the respective session record
92. The paper field 94 of a session record 92 denotes the
presence of an original screen file 86. Certain codes in
the paper field 94 indicate the use of a program generated
screen (e.g. blank or ruled paper) and other codes
indicate a particular screen file 86 containing screen
information as previously described for the page of the
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document indicated in the page field 98. Preferably,
references to original screen files 86 use the suffix
“.wsc" after the name of the session in which the
respective page was found. A code in the paper field 94
may also indicate that the document page annotated in the
annotation session corresponding to the session record
previously existed and is appended to during the session.
The status field 99 has bits to mark the presence of
tablet (T), keyboard (K) and voice (V) files and to

mark the existence of erasures (E) in an annotation
session. Each of the tablet, Kkeyboard and voice files
have names that consist of the name of the session in the
session name field 96 plus a unique suffix. Each session
record 92 also has a field for indicating date and time of
creation of the record 92. Since the session records 92
are time sequenced, the processor 22 can start with the
superfile basename of a document and use the session names
and suffixes to recreate the document exactly as the user
had created it. ,

Each tablet file 44 holds information necessary to
recreate a user's interaction with the tablet 16 during an
annotation session. Included in the information are x and
y coordinates of the writing tip end 30 or eraser end 28
of the stylus 14 on the tablet 16 and the relative timing
of occurrence of different pairs of x and y coordinates.
Each pair of x and y coordinates is recorded in sequence
along with timemarks as needed to provide a time segquence
of handwritten annotations and erasures made by the user
during an annotation session. Since the eraser end 28 of
stylus 14 is effectively wider ended than the writing tip
end 30, the x-y coordinates of strokes of the eraser end
28 are recorded in a manner which indicate wider bands or
strokes than handwritten annotations. Pressure and z-axis
measurements corresponding to the pairs of x and y
coordinates are used to determine changes in stylus end
being used (i.e. from eraser end 28 to writing
tip end 30 and vice versa) and may also be recorded in the

k7
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tablet file. Each change in stylus end is associated with
a delimiter to provide an indication of the stylus end to
which the =x-y coordinates correspond. Preferably, a
timemark of the change in stylus end is also associated
with the delimiter.

An illustration of a tablet file 44 in the preferred
embodiment is shown in Figure 5. The tablet file 44 has a
header record 13 which contains tablet file and annotation
session identification information and information
describing interpacket timings of the packets of data
transmitted from the tablet 16 to the processor 22. The
tablet file identification uses the suffix ".wtb". The
rest of the tablet file 44 contains the x and y coordinate
portions of the packets of data separated by de- limiters
11. The delimiters 11 mark major changes such as the
switching from writing tip end 30 to erasure end 28 or
from one end being on the tablet 16 to being off the
tablet 16, or vice versa. A code field 15 of each
delimiter 11 provides an indication of one of the
following:

stylus end down (i.e. beginning of a stroke)

stylus end up (i.e. ending of a stroke)

switch to erasure end 28

switch to writing tip end 30.

A pressure field 17 of the delimiter 11 provides an
indication of sensed pressure of the end of the stylus 14
corresponding to the code field 15. Time field 19 of
delimiter 11 provides an indication of '

the time at which the action of the code f£field 15
occurred. The timing of x, y data after a delimiter 1is
defined by the interpacket timings specified in the header
record 13. The processor 22 1is able to use the
information of the header record 13, delimiters 11 and
data of the tablet file 44 to'exactly replicate the user's
action on the tablet 16 from an annotation session.

In a similar fashion, the keyboard file 46 records a
sequence of ASCII characters and timemarks which provide
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time-based indications of the typed -annotations. In the
preferred embodiment illustrated in Fig. 6, keyboard
interaction 1is not sampled on a predetermined schedule,
therefore each keystroke is timed. Two timings are used.
In the short timing where the user types fast enough that
keystrokes are separated by less than about half minute
intervals, each keystroke 1is packaged with a 15-bit
(32,767 millisecond) interstroke time 29. In the long
timing where the interstroke time is longer than about 30
sec., a 32-bit time of occurrence is recorded. The two
timings are used to save disk space. The keyboard file 46
has a header record 21 which provides identification
information about the file. References to keyboard files
use the suffix ".wkb". In addition, keyboard files 46
created by the annotator contain a special code to save on
recording space. When the user asks to show or hide the
“ruler" (via pop-up menu 78) used to define

typing, margins and tabs, a special keystroke is added to
the keyboard file 46.

Printing of the document and annotations thereto is
accomplished in the time sequence which the annotations
were originally input by the user and not by order of
position of characters on the document. At print time of
a document, for each page, the sequences of data of the
tablet and keyboard files 44, 46 of a page are merged with
the latest bitmap, preferably from the original screen
file 86 of the page, to format the document in its most
up-~to-date version. The resulting bitmap is used by a
priﬁter to generate the document in printed paper form.

Anti-Skip Routine

The end of the stylus 14 which is in proximity of the
tablet generates a voltage difference relative to the
tablet 16. The voltage difference is inversely
proportional to the square of the distance between the
stylus end and a sensing surface within tablet 16. As the
stylus end is drawn closer to the tablet surface along an
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axis (the =z-axis) perpendicular to the surface, more
finely discriminable data points of the z coordinate are
collected. Those data points are used in combination with
a sensed amount of pressure to define stylus end contact
with the tablet surface. By the same token, z-axis data
points and pressure measurements together are employed in
a subroutine

to prevent false stylus-up signals, during writing and
erasing with the stylus, due to human performance and
mechanical and hardware imperfections.

In the preferred embodiment, when the rate of
decreasing distance between a stylus end and the tablet
surface, along the z-axis, reaches zero and the sensed
amount of pressure greatly increases, the corresponding
stylus end is considered to have made contact with the
tablet surface. In addition, the sensed pressure of an
end of the stylus 14 controls the initiation and
reinitiation of that end as long as the end is within a
certain distance of the tablet surface along the z-axis.
When the pressure of an operating stylus end decreases
below a predetermined threshold but the end is sensed to
be within the predefined tolerance or range of acceptable
distances along the =z-axis, the anti-skip subroutine
generates signals to the processor 22 to indicate that the
stylus 14 is still intended to be |used in the
writing/erasing manner of operation. When an acceleration
in the change in distance away from the tablet along the
z—axis is sensed along with a decrease in pressure below
the predetermined threshold, the anti-skip subroutine
generates signals to the processor 22 to indicate that the
stylus end is effectively off the surface and that use of
the stylus 14 for writing or erasing a current stroke has
ended. Moreover, if the distance of the operating end of
the stylus is sensed to be outside of the predefined
z—axis threshold for a )
certain length of time then the anti-skip routine
generates signals to the processor 22 to indicate that the
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stylus end is off the tablet surface for operational
purposes of the stylus. Hence upon future reentrance of a
stylus end into proximity of the tablet, the stylus end
will need to be reinitiated and driven accordingly.

Because the tablet 16 may not be perfectly smooth
over its entire top surface, the z-axis value may vary
from point to point on the tablet 16 and
position-dependent corrections may be necessary. Thus in a
preferred embodiment, a relative measurement of distance
between an end of the stylus 14 and the tablet 16 along
the z-axis is used for each point on the tablet.

Software for Annotator

The features of system 20 described above are
provided by an Annotator-Desk task program also referenced
with the reference numeral 20 since the Annotator-Desk
task is the software counterpart to the hardware elements
of system 20 shown in Figure la. The annotator itself is
driven by an annotator application routine which is one of
several application routines in the Annotator-Desk task.
Other application routines are for driving the desk
application which involves the desk view 32 and
corresponding functions therewith, or for driving the
print application for printing documents.

In general, the Annotator-Desk task may be thought of
as an interrupt program. As illustrated in Figure 7, the
operating system 37 of processor 22 may be running a first
program 39 at the time the annotator is invoked. At that
time, the signals transmitted from the tablet 16 are
received by an interrupt controller 41 which in turn asks
the operating system 37 to temporarily stop the running of
the first program 39 1long enough for the annotator
application routine of the Annotator-Desk task (and any of
the other application routines desired) to be run and then
to resume running the first program 39. The stopping of
the first program 39 1is accomplished by a subroutine
called the Listener which passes control to a second

o
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subroutine called the Takeover, both of which will be
discussed later. The actual running of the annotator
application routine is accomplished by a series of
interrupts to the operating system 37 by subroutines which
drive the tablet 16, keyboard 12 and audio assembly 24 of
the system 20.

The foundation of the foregoing subroutines consists
of a set of six device drivers or modules shown in Figure
8 and labelled Graphics driver, Tablet driver, Keyboard
driver, Network Communications, File 1I/0 driver and
Clock/Timer. The device drivers are typical, that is they
abstract details of an associated device, such as tablet
16, keyboard 12, display unit 18 etc., from the applica-
tions that use them and communicate
through a set of standard requests and data formats. The
Clock/Timer is one of the most basic drivers. It provides
the Annotator-Desk task 20 with a 1KHz counter used to
time annotations and synchronize graphical feedback. The
File I/0 driver allows applications to create, open, read,
write, delete and rename files.

The Graphics module provides an application with a
virtual sheet of paper. There are commands to write on
this paper, erase on this paper, display a particular kind
of paper, save and load this information to disk 43 and
manipulate cursors and buffer portions of the view on
screen display 18. The Graphics module also provides the
desk view which is wused exclusively by the desk
application. The stamp and cursor display and manipulation
functions of the desk application are also handled by the
Graphics module. 7

The Network Communications module provides a data
path to computers of the network used for mail, remote
printing or other network shared tasks. The Network
Communications module Vallov;vs an application to send and
receive a file, determine the presence of certain files
used for mail, and conditionally delete files.

The Tablet module is one of two interrupt-based
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device drivers. Upon the operating system 37 receiving an
interrupt indicating the availability of data points from
the tablet 16, the Tablet driver packages the information
into a data packet of a ,

standard format and calls a tablet function. A tablet
function is a procedure that controls exactly what is dome
upon receipt of the data packet. A tablet function can
accomplish various steps on the system desk as well as
during annotation and can make requests of the Graphics
module, the Timer module, and/or call other procedures.
In the preferred embodiment, the tablet functions
generally have the following format:

Procedure myTabFun();
begin
GetDataFromTablet;
<do whatever work is necessary>
if (condition 1)
prepare for transition
TabFun(newTabFunl);
else if (condition2)
<prepare for this transition>
TabFun(newTabFun2);

else
¢ non-transition work,

I

end

In the IF statements, the tablet function is deciding
which tablet function should be called when the next data
packet is received. Thus, if

condition 1 is achieved, myTabFun performs whatever tasks
are needed for the proper execution of newTabFunl and then
tells the Tablet driver to execute newTabFunl by calling
the procedure TabFun. This does not cause immediate
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execution of newTabFunl. Instead, upon finishing
myTabFun, the Tablet driver allows receipt of another data
packet. Only when this subsequent packet is received is
newTabFunl called. If a succeeding tablet function is not
declared during execution of a current tablet function,
the current tablet function will be called upon receipt of
the next data packet.

The tablet functions provide a state machine approach
to handling the tablet. From an initial state (from a
call to a tablet function) the Tablet module simply
performs work and shifts states depending on the data at
hand. Since interrupts are performed to completion at a
priority higher than the main level of the annotator
application routine, the Tablet driver allows the
operating system 37 to pseudo-multitask (i.e. process a
series of interrupt tasks).

The Tablet driver makes the data packet avail- able
in a data format called WT Data. This format includes a
package of four 16-bit words. One 16-bit word represents
an x coordinate (i.e. the x position of the stylus 14 on
tablet 16), at 1000 dpi. A second 1l6-bit word represents
a y coordinate (i.e. the y position) at 1000 dpi. One
byte (8 bits) of another word represents a 2 coordinate;
another
single byte (8 bits) represents pressure on the end of the
stylus 14. One more byte (8 bits) represents which end of
the stylus is being sensed. The positions for x and y are
based upon a sheet of paper with the origin preferably at
the lower left corner of tablet 16. Since Annotator-Desk
task 20 allows the user to move off the sheet of paper in
all directions, negative numbers and numbers larger than
the dimensions of the paper are valid.

The Keyboard driver is the other interrupt driver in
the Annotator-Desk task 20. It takes an IBM scan code and
maps it into a modified ASCII format used by the task 20.
The ASCII format of Annotator-Desk task 20 consists of the
character set publiéhed in IBM's technical reference with
the following changes:
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characters Hex13-17 are used for Left Arrow,
Right Arrow, Up Arrow and Down Arrow; and

characters HexBO-FF are used for Function Keys
and HELP and CANCEL keys.

Just like the Tablet module, the Keyboard module calls a
key function upon receipt of a keystroke. The current key
function procedure is used to change the key function
called upon receipt of the next keystroke. The default
key function emulates the keyboard handler wused by
MS-DOS. The Keyboard module's mapping tables are totally
reconfigurable. The actual ASCII data output from a given
keystroke

can be changed by re-writing the 2KiloByte mapping table.
An application can even remove the arrow and function
mappings. The flexibility of the mapping tables provide
the ability to handle a wvariety of alphabets and usages,
 such as international needs.

In the preferred embodiment, a main working portion
of the Tablet driver is referred to as a tablet function
(tabfun) dispatcher 66, and a main working portion of the
Keyboard driver is called the keyfun dispatcher 64.

As mentioned earlier, the Listener subroutine stops
the running of the first program 39 in order for the
annotator application routine to be run. Before doing so,
the Listener must determine whether the user is indeed
invoking the annotator. In making this determination, the
Listener assumes that it takes the user more than 25
milliseconds to pick up the stylus 14 and place one of the
ends of the stylus within proximity on the tablet 16 in a
ready-to—annotate position. The Listener watches for data
packets delivered from the Tablet module on a schedule of
about every 25 msecs. The Listener runs intermittently
with the first program 39 without that program's knowledge
and uses the interrupt and pseudo-multitasking
capabilities of the Tablet module to examine what the user
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is doing with tablet 16 and stylus 14, if anything.

More specifically, each time the Tablet module
collects and formats data points from the tablet 16, the
interrupt controller 41 interrupts the operating
system 37 running first program 39 and tells the operating
system 37 to run the program referenced by the pointer 82
corresponding to the tablet 16 in the interrupt vector
table 50, which at this moment is the Listener subroutine
45 illustrated by a dashed line 51 in Figure 7. During
the first of such interruptions, the data packet formed by
the Tablet module is received and tested by the Listener
for timeliness with respect to the 25 millisec schedule as
shown in Figure 9. As long as the stylus 14 lies on the
tablet 16, the packets of data are sent and received "on
schedule” indicating the x, 'y, 2, pressure and
which-tip-end coordinates relative to the position of the
stylus 14 on the tablet 16. When the stylus 14 is lifted
by the user's hand out of sensing range of the tablet
(about 10mm to about 20mm), no signals are transmitted
from the tablet 16 to the Tablet module. In turn, there
is a break in the schedule of data packets received by the
Listener subroutine. From the break in schedule, the
Listener determines that there is now an "off schedule”
situation and that the stylus 14 has been moved out of
proximity of the tablet 16. A count of time during which
the stylus 14 remains "off schedule" is begun. When the
stylus 14 is initially off the tablet 16, then the absence
of ‘data packets being sent by the tablet module is
initially interpreted by the Listener subroutine as an
"off schedule" situation and a count of time 1is
immediately started.

During the interruption where the data packet is
determined to be off schedule, the Listener returns
control of the operating system 37 to resume running the
first program 39 and waits for a data packet which is on
schedule. When the user places the stylus 14 in writing
or erasing position back into proximity of the tablet 16,
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causing an interrupt, the Tablet module collects and
formats the data points into a data packet which is sent
to the Listener during a subsequent interrupt. In the
case where the stylus 14 was initially on the tablet 16
and moved off the tablet, the Listener in accordance with
the 25 millisecond assumption compares 25 milliseconds to
the amount of time that has lapsed between the last
on-schedule data packet and the current on-schedule data
packet as counted during the "off-schedule" period to
determine whether the user is ready to write/erase and the
stylus 14 is to be turned on. In the case where the
stylus 14 began in a position outside of the sensing range
of tablet 16, the counted time is compared with 25
milliseconds. If the amount of time that has lapsed or
the counted time is greater than 25 milliseconds then the

Listener changes the interrupt vector table pointer 82

which corresponds to tablet 16 to point to the Takeover
Subroutine 45 as indicated by dashed line 53 in Figure 7.
During the initial interruptions in which- the data
packet is "on schedule", the Listener tests the pressure
and z-axis coordinates to determine which
end the user is holding in proximity of the tablet 16 and
whether the user is ready to use that end. The z-axis
coordinate is checked to determine whether the stylus end
is within the predetermined proximity of the tablet
surface. If the measured pressure of the sensed stylus
end is greater than a predetermined minimum pressure
level, then the Listener decides that the user is trying
to write or erase with the stylus 14. In such a case, no
data packet is found to have been off schedule for longer
than 25 milliseconds thus the user picked up the stylus 14
without removing it from the sensing range of tablet 16.
The Listener changes the interrupt vector table pointer
82, which corresponds with the tablet 16, to point to the
Takeover subroutine 49 as indicated by the dashed line 53
shown in Figure 7.

The sensing of pressure in combination with the 25
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millisecond off-schedule timing and on-schedule proximity
to tablet 16 is used by the Listener subroutine 45 to
determine whether the user is ready to act with the stylus
14. The z-axis (altitude above the tablet 16) is sensed
so that the Listener subroutine 45 can anticipate the
illumination of a view on the screen display by the time
that it is

determined that the user is ready to act with the stylus
14. That is, the Listener subroutine 45 senses the z
coordinate to anticipate the stylus 14 being placed in
ready position so that the Listener subroutine 45 may
exhibit a view on display unit 18

at the earliest possible moment to signify to the user
that the annotator is invoked.

A pressure measurement alone 1s not sufficient to
test the readiness of the user because the user may be
causing pressure at one end of the stylus 14 without
holding the stylus in a ready position on the tablet 16
and without placing pressure on the tablet 16 with one end
of the stylus 14. Also the combined use of the z and
pressure coordinates substitutes for the pen tip switch
used in prior known electronic pens.

Once it is decided that the user is ready to annotate
and that one end of the stylus 14 is on or in proximity of
the tablet 16 then the Takeover subroutine 49 is
executed. To accomplish this, the first program 39 being
currently run by operating system 37 1is subsequently
interrupted by the Tablet module responding to input data
from tablet 16. The interrupt controller 41 asks
operating system 37 to run the program to which the
corresponding pointer 82 in the interrupt vector table 50
points. At this moment the pointer 82 points to the
Takeover subroutine 49. The operating system 37 thus
temporarily stops running first program 39 and executes
the Takeover subroutine 49.

An overview of the Takeover subroutine 49 is provided
in Figure 10. In a first part of the Takeover subroutine
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49 called Phase 1, all operating system information needed
to restore the first program 39 at the point of
interruption is saved and

is replaced with the necessary information for running the
Takeover subroutine 49 and associated application
routines. The step of saving information includes
changing memory stacks to prevent overwriting any data of
the first program 39, saving bios data area which low
leve'l calls use as scratch space and the operating system
critical section which the operating system 37 uses as
scratch space. Also, during Phase 1, Takeover 49 saves
the program header of first program 39 and the address of
the disk transfer area, and replaces the first program
header with the program header for the Takeover subroutine
49. The Takeover 49 then copies a perfect image of the
area of the first program 39 which is being interrupted.
The perfect image of that area is saved in a remote memory
storage 65 (Figure 7).

In an end portion of Phase 1, the Takeover 49
prepares the current display in view 26 for annotation in
the invoked annotation session. To do this, 1f the
current display is in a text mode then the Takeover
reverses the relative lighting between the background and
print so that the background is light and the print 1is
dark. The display 1s changed to a graphics mode, and a
character generation program is used to convert the text
print into graphics. The Takeover subroutine 49 also
saves in an original screen buffer 57 (Figure 3a) an
orig.j‘inal copy of the current display view, in its text
form in the case where it was displayed in text mode.

The original copy is held in the original screen buffer 57
until use at the end of the annotation session. Takeover
49 next installs the Voice, Keyboard and Network
Communications drivers. The Annotator-Desk task 20 always
has the Tablet and Timer drivers 1loaded since they are
needed by the Listener 45. Upon completion of Phase I,
the Takeover subroutine 49 releases the interrupt
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controller 41 to enable subsequent interrupts to transfer
more data points from the tablet 16 via the Tablet driver.

Takeover 49 then calls an Applications Dispatcher 47
which oversees all application routines of the
Annotator-Desk task. The Applications Dispatcher 47 uses
a set of codes agreed upon by all applications to
determine which application routine is to be executed.
There are also a set of shared variables to allow
applications to leave messages for other applications.

As shown in a middle section of Figure 10, the
Applications Dispatcher 47 gets an initial start code
which requests the annotator from Takeover 49 and causes
the operating system 37 to perform the annotator
application routine. An application can have more than
one start code so that it can be told to perform a
different task within the application routine. When an
application routine finishes, it returns to the
Applications Dispatcher 47 the code for the next desired
application as indicated by the user through a selection
of the "go to desk", “ruled paper" or "blank paper" option
of the pop-up menu 78
(Figure 3a). The Applications dispatcher .47 continues to
execute application routines of respective applications
until the code returned by an application routine tells
the Applications Dispatcher 47 to end. In the preferred
embodiment, the code is generated upon the user selecting
the "all done" option of the menu 78. When the code to
end is returned to the Applications Dispatcher 47 by an
appiication routine, the Applications Dispatcher 47 sets a
Done flag, saves all the data generated by the execution
of the applications routine, and passes control to Phase 2
of Takeover to prepare to bring back the first running
program 39.

In Phase 2, Takeover performs the reverse of what it
did in Phase 1. Takeover removes the Keyboard, Voice and
Network Communications drivers; restores the video state
of the screen display; replaces the program header of the
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first program. 39; reloads the bios data and critical
section of the operating system 37; and replaces the
program stack of the first program 39. Takeover 49 also
changes the pointer 82 in the interrupt vector table 50 to
point to the Listener. Control 1is returned to the
operating system 37 to resume executing the first program
39 from the point of interruption.

As mentioned above with reference to the middle
section of Figure 10, the initial start code to the
Applications Dispatcher 47 requests the  annotator
application routine. Upon receipt of this start code, the
Applications dispatcher 47 calls the
annotator application routine 58 illustrated in Figure
11. In the prologue of the Annotator Application routine,
the Clock/Timer of system 20 is set to zero and a variable
describing the type of @paper (ruled, blank) being
annotated is set. Also during the prologue, the annotator
application routine 58 changes the pointer 82 of the
interrupt vector table 50, which corresponds to the tablet
16, to point to the tabfun dispatcher 66 as illustrated by
the dashed lines 55 in Figure 7. As stated previously,
tabfun dispatcher 66 oversees a collection of tablet
functions 62 and therewith processes the annotation input
data from the tablet 16.

As shown in Figure 3a, during the prologue the
annotator application routine 58 also directs a screen
manager to copy the first view displayed on the display
unit into an erase buffer 42 and opens three files, one
for information from the tablet 16, one for information
from the keyboard 12 and one for information £from the
audio assembly 24 to be stored on disk 43. The annotator
application routine 58 then creates a superfile 88 for the
document of the annotation session if a superfile 88 for
the document doesn't already exist. The annotator
application routine next initializes the tabfun dispatcher
66 and keyfun dispatcher 64 of Figure 3a by respectively
providing initial names of a tablet function 62 and a Kkey
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function 68 for processing input data from the tablet 16
and keyboard 12
respectively. In particular, the tabfun dispatcher 66 is
initialized to point to a tablet function 62 called
notefun dispatcher 75, and keyfun dispatcher 64 is
initialized to point to a key function 68 called knotefun
dispatcher 77. Notefun dispatcher 75 and knotefun
dispatcher 77 are particular to the annotator where other
tablet and key functions 62, 68 are particular to the
system desk and desk view of Figure 2b. The notefun and
knotefun dispatchers 75, 77 oversee a group of note
functions 72 and a group of keyboard note functions 74,
respectively, which process the data input through the
tablet 16 and keyboard 12 respectively. The notefun
dispatcher 75 and knotefun dispatcher 77 have formats
similar to the tabfun dispatcher 66 and keyfun dispatcher
64 illustrated above. Hence, the notefun dispatcher 75
provides a state machine approach to processing input from
the tablet 16 during an annotation session, and the
knotefun dispatcher 77 provides a state machine approach
to processing keystrokes input through keyboard 12 during
the annotation session.

The annotator application routine 58 may at any time
provide a new procedure name to the tabfun dispatcher 66.

The heart of the annotation application routine 1is
referred to as the Supervisor 58 in Figure 3a and is shown
in more detail in Fiqure 11. The supervisor 58 is a loop
which checks the tablet buffer 52, keyboard buffer 54 and
voice buffer 56
for full disk sectors of information. If one of these
buffer has 512 bytes of stored data then it is considered
to have a full sector and that portion is written to a
corresponding file in Disk 43. The loop continues until
the Done flag is set.

Annotations input through tablet 16 by a user causes
interruptions to the execution of this loop. In each
interruption activated by the tablet 16, the Tablet module
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collects the data points indicative of an annotation from
the tablet 16, transmits a formatted data packet to the
operating system 37 and causes the operating system to
look into the interrupt vector table 50 to determine what
program to run during this interruption. The pointer 82 in
the vector table has been set by the prologue of the
annotator application routine to point to the tabfun
dispatcher 66. In effect each data point, from the
electronic +tablet 16 1in response to the use of the
electronic stylus -14 thereon, similarly interrupts the
operating system 37 and then serves as input to the tabfun
dispatcher 66. In turn the tabfun dispatcher 66, having
been initialized by the annotator application routine,
passes control to tablet function notefun dispatcher 75.

‘Similarly -data from Lkeyboard 12 connected to the
operating system 31 through interrupt controller 41
supplies input for the execution of the keyfun dispatcher
64 pointed to by a corresponding pointer 70 in the
interrupt vector table 50 of Figure 3a. The keyfun
dispatcher 64 in turn passes control to
the key function knotefun dispatcher 77 which subsequently
calls keyboard note functions 74 and therewith processes
keystroke input.

Preferably, a voice routine, corresponding to the
audio assembly 24, for processing voice input 1is a
separately running process which does not take processing

time from processor 22 (Figure 1la) and 1is already
asynchronous.

" The notefun and knotefun dispatchers 75, 77 operate
in a similar manner which is outlined in Figure 12 and
illustrated in Figure 3a. For simplicity, the notefun
dispatcher 75 1is directly referenced in the following
discussion but it is understood that the knotefun
dispatcher 77 operates in a similar manner with a
respective keyboard driver, keyfun dispatcher 64, keyboard
note functions 74, key buffer 54 and key file 4s6.

Upon being called by the operating system 37 through
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the interrupt vector table 50 (Figure 7), the tabfun
dispatcher 66 sets variables which are commonly used
throughout the running of the tabfun dispatcher 66 to
indicate the current state. Included in the status of the
current state are indications of which end of stylus 14 1is
being used, whether the user has just pressed down or
picked up and end of the stylus 14, and the time of
arrival of the data. These characteristics are held in a
common, shared area.

The tabfun dispatcher 66 passes control to the
notefun dispatcher 75. The notefun dispatcher 75
receives the data packet WT__Data from the tabfun
dispatcher 66 and renames the data packet as
WN_Data. The notefun dispatcher 75 places the WT_Data
packet of the most recent data into the common area which
is shared by the tablet. and note functions 62, 72 that are
called by the tabfun and notefun dispatchers 66, 75,
respectively, to process input data from the tablet 16.
The notefun dispatcher 75 employs the anti-skip routine on
the WN_ Data packet of the most recent data to determine
the position of the stylus 14 and to determine what the
user is doing with the stylus 14. The notefun dispatcher
75 then calls the note function 72 whose name is given to
the dispatcher initially by the prologue of the annotator
application routine and subsequently by the last called
note function 72 (Figure 3a).

The data packet 1s then processed by the note
function 72 which is called by the notefun dispatcher 75.
Of the note functions 72 which may be called, each
processes the data in a particular way and then decides
whether the note function name referenced in the notefun
dispatcher 75 needs to be changed based on the state
information held in the common shared area so that the
notefun dispatcher calls the correct note function 72 to
process the next data packet. In addition to processing
the data, each note function 72 also provides the
information to the screen manager 60 which subsequently
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updates the view on display -26

according to the information. The notefun dispatcher 75
subsequently writes the information of the data packet to
'a tablet buffer 52 which is common to all the tablet
functions 72.

Updating the view is made a top priority and occurs
every 5 msec with each data packet of information. As
previously stated, when the common buffer has a sector
full (512 bytes) the Supervisor 58 copies the contents of
the buffer to the tablet file 44 in disk 43. Because the
Supervisor 58 depends on the buffers 52, 54 and 56 and is
independent of the various working procedures (i.e. note
functions 72 and Kkeyboard note functions 74) and the
screen manager 60, the time lag in writing to disk 43
(i.e. disk respond/wait time) does not interfere with the
updating of the view 26 on display 18 nor the processing
of data. Instead, priority is given to each procedure to
process the data within five millisecond time segments.
Only the Supervisor 58 is then burdened with waiting for
the disk 43 in order to write to disk. Further, this
arrangement as shown in Figures 11 and 12 enables the
writing to disk 43 to be done simultaneous with the
displaying of the data in view 26.

Voiced/audio information is transferred by the audio
assembly 24 from the user directly to a voice processing
procedure 76 which digitizes and compresses the
voiced/audioc information and writes the compressed
information to an associated voice
buffer 56 as shown in Figure 3a. The Supervisor 58 in
turn manages the writing of this information £from the
voice buffer 56, when a sector full exists, to a voice
file 48 on disk 43.

In a preferred embodiment, there are at least six
note functions 72 1included in the tabfun dispatcher
routine 66, pen-up, pen—-down, erase-up, erase—-down, menu
'loop and move typewriter Enarker. The keyboard note
functions 74 employed in the keyfun dispatcher routine 64

PCT/US89/02147

@

-



Ay

WO 89/11693 PCT/US89/02147

-61—

include routines for handling arrow keys on the Kkeyboard
12 which provide screen navigation, tabs, function keys on
the keyboard, carriage returns and actual text to be
displayed on the screen. The routine for handling the
latter, the character handler 74, 1is the routine
responsible for building new local grids, updating the x
and y nodes and updating the grid buffer 89. It also
handles the erasure or overstriking of typed test through
the backspace key of keyboard 12. The voiced input is
provided directly to a working procedure called the voice
handler 76 discussed later.

The three inputs - the tablet 16, keyboard 12 and
audio assembly 24 are processed effectively simultaneously
by the respective dispatchers and procedures and by the
Supervisor 58. Data which is entered from the tablet 16
has the form of seven 8-bit data packets as previously
described. Subsequently, the data from the tablet 16 is
digitized and transferred to the tablet buffer 52 at
a resolution of about 1000 dpi. When that information is
transferred to the tablet buffer 52, it is in the form of
two stable values (the x and y coordinates) and a
delimiter which has three parts, a code for what
coordinate was changed, the new value and the time of that
change. More specifically, the delimiter is used in the
case where there has been no data for some predetermined
amount of time or a switch in stylus-end being used, then
a timemark and, if applicable, information regarding the
change in stylus—end are written in the delimiter.

" Information which is transmitted through the keyboard
12 is in ASCII character form. When that information is
transferred to the keyboard buffer 54 it is in the form of
absolute time (or change in time) and an ASCII character.
Specifically, a timemark is written to the keyboard buffer
56 upon detection of the first keystroke. The keystrokes
thereafter are stored with an absolute time at which the
keystroke occurred in the case of slow typing or with an
interval of time detected between strokes in the case of
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fast typing.

The voiced/audio information is recorded in the voice
buffer 56 in a manner which enables synchronized replay
with the recorded strokes and gestures of the stylus 14
and the recorded keystrokes input through keyboard 12.
Further, unlike existing voice recording devices, the
voiced information is recorded and saved in a fashion which
compresses moments of silence or noise to avoid
inefficient use of memory 'storage space on meaningless
data. Although 'the'- actual samples of a silence period are
useless, the length of the silence period is needed for
synchronization of the voiced/audio information with
visual annotations during playback. Silence compression
and synchronization 1in the preferred embodiment is
implemented by an encoder 85 and decoder 87 in the voice
handler 76 of Figure 3a and by voice buffer 56 shown in
Figure 13 and discﬁssed next.

A starting time of each voice segment 83 (i.e.
segment of meaningful audio information) is recorded in a
four byte timemark 81. In addition to indicating the time
at which a voice segment begins, the timemark 81
determines the termination time of a preceeding silence
period and thus the 1length of that silence period.
Because the timemarks 81 provide an exact start time of
each voice segment, as opposed to a length of time or time
differential, timing errors during replay are limited to a
single voice segment and are prevented from propagating
and _accumulating. Specifically, once the decoder 87
begins replaying a voice segment 83, the decoder 87 does
not interrupt the voice segment to recover any timing
error. Instead, recovery for a timing error occurs during
the following silence period, and the succeeding voice
segment 83 begins at the time indicated by the respective
timemark 81. Preferably, the host system clock is used as. a
unique reference of time for the tablet digitizer and the
voice digitizer, timemarks 81  in wvoice buffer 56 being
relative to the beginning of that clock.
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When a decrease in volume energy is sensed for
greater than a preset amount of time, for example about
0.1 second, before a successive increase in volume energy,
the encoder 85 records in voice buffer 56 a reserved code
95 indicating the end of a voice segment 83 followed by a
two byte code 79 of the current noise level and the
timemark 81 of the next voice segment. In the preferred
embodiment, the reserved code 95 is one byte long and has
values seven followed by eight. This code is not allowed
for the voice segments 83 and is always followed by a
noise code 79 and timemark 81. During the recording of a
voice segment 83, the encoder 85 receives digitized voice
codes representing the voiced/audio information and
prevents a seven followed by an eight from being
recorded. If an eight is currently being saved in a voice
segment 83, the encoder 85 checks the previous recorded
voice code. If the previous voice code is a seven, then
the éight is minimally changed to a new value and the new
value is saved in the byte where the eight would have been
recorded. Such a minimal deviation in actual voice code,
plus the low probability of obtaining a seven followed by
an eight voice code and the sampling of four bits 8,000
times a second enables integrity of the voiced/audio
information to be maintained.

During a sensed silence period, the encoder 85 saves
a background energy level of that silence period in noise
code 79. Preferably, the encoder 85 determines the
existence of a silence period by comparing a 1long term
average of sensed energy level to a short term average of
sensed energy level. The long term average is a moving
average over several samplings and represents detected
background noise. The short term average represents the
current local energy level. If the long term average
equals the short term average then there 1is a silence
period. The energy level is measured and saved in noise
code 79 for that silence period.

The decoder 87 during replay checks for the reserved
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code 95. Each time the .reserved code 95 is detected the
succeeding noise code 79 is decoded and subsequently used
to determine the volume of the silence period. The
decoder 87 employs an artificial noise generator to
provide noise at the determined volume until the start
time of the next voice segment 83 as indicated by the
timemark 81. At the start time of the voice segment, the
decoder 87 decodes the voice codes recorded in voice
segment 83 and generates the voiced/audio information
through audioc assembly 24. Thus, the decoder decides when
and how to generate the artificial noise and the wvoiced
information without instructions from the host.

The foregoing' arrangement reproduces voiced/audio
information in a more natural sounding
manner without actually recording samples of the silence
periods. To make the reproduced voice information sound
more natural but without recording the silence samples,
the decoder inserts an artificial noise in the silence
periods instead of a period of absolute silence because
human ears are sensitive to abrupt absolute silences

between voice segments. The absolute silences make the
voice segments sound like separate pieces rather than a
message from a single recording. This is due to the

background noise and reverberations which are overwhelmed
by the voice level but become noticeable as a continuation
between voice segments. In addition, the 1level of the
noise 1is calculated during recording as described above
and .on replay provides a more natural sounding message
with respect to volume.

In the preferred embodiment, long periods (greater
than about 1/4 sec) of user inactivity are similarly
detected Dby  decreased enerqgy level signals and
non-meaningful stylus and keyboard signals. During replay,
processor 22 extracts these relatively long periods of
inactivity to produce a more flowing vwview of the
annotations input through the stylus 14, keyboard 12 and
audio assembly 24 as discussed later.
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The screen manager 60 utilizes a screen buffer 40
which holds a working bitmap copy of the document being
annotated. This bitmap holds the image currently
displayed to the user and is updated by the screen manager
60 in accordance with the newly received information/data
of each data packet.

The Supervisor 58 also analyzes the amount of time
between data points. Once the Supervisor 58 detects a
lull in new data, for example due to a user pausing after
having inserted all desired annotations, the Supervisor 58
then invokes a menu routine. This is accomplished by the
Supervisor 58 providing the menu routine name to the
tabfun dispatcher 62. The tabfun dispatcher 62 calls the
menu routine. The menu routine directs the screen manager
60 to display in the view 26 a pop-up menu 78 which
provides the choices of:

go to desk,

blank paper,

ruled paper,

erase notes,

playback,

shrink menu,

hide ruler,

all done.

If the "go to desk" choice is made by the user "touching
and 1lifting" one end of stylus 14 on the corresponding
position of tablet 16, the menu routine sets the Done flag
to signal to the Supervisor 58 that the user is finished
with the current annotation session. After the Done flag
is set and the Supervisor 58 detects the Done flag, the
Supervisor 58 is exited and the epilogue of the annotator
applications routine is entered. Execution of the epllogue
places the dispatchers 62, 64 for the tablet and keyboard
and the voice handler

76 in an idle loop so that they no longer process further
input data, and closes %ablet, keyboard and voice files
44, 46, 48 to disk 43. The annotator applications routine
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then looks at and makes a note of the previously set paper
variable to see the type of paper on which the user has
been annotating. |

The annotator applications routine then makes a
request to the screen manager 60 (Figure 3a) to put a copy
of the working bitmap for the last view shown to the user
from the current screen buffer 40 into intermediate file
84 and the original view information in the original
screen buffer 57 into original screen file 86. If the
original view was from a text mode display then the ASCII
characters are saved in a 4K file. These characters are
resolution independent and may be ©printed at any
resolution by a printer. If the view screen was from a
graphic mode display, then just the bitmap of video buffer
is saved in a 32K file.

The epilogue of the annotator applications routine
then tells the screen manager 60 to make a shrunken image
of the last view displayed at the end of the annotation
session and to store it in a stamp file 80. The annotator
application routine then completes the superfile 88 (or
updates an existing superfile 88) for the document which
was annotated during the session. In the superfile, the
annotator application routine provides an indication of
the kind of view (paper) that was annotated, the last open
page of the document, the page number of the
document which was annotated, whether the keyboard was
used, whether the eraser end 28 of the stylus 14 was used,
whether voice was used and whether the writing tip end 30
of the stylus 14 was used. The superfile 88 also includes
the names of the files for the tablet, keyboard and voice
files as described previously. If the annotation session
created a brand new document then the superfile 88
indicates that fact. After execution of the epilogue of
the annotator applications routine control is returned to
the Application Dispatcher 47 (Figure 10) with a code to
perform the desk application routine.

If the "blank paper"” or "ruled paper" options are
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chosen by the user from the menu 78, then the Supervisor
58 saves all the annotation work done so far in the
current session and provides a new annotation session with
a fresh view through the screen manager 60 (Figure 3a).
The fresh view displays either a blank paper or paper with
lines, respectively.

In response to the ‘'"erase notes" option, the
Supervisor 58 deletes all annotations inputted so far in
the current annotation session and provides the initial
view of the document from the beginning of the annotation
session through the screen manager 60. Conveniently, the
erase buffer 42 holds a bit map of the desired initial
view of the document and may be copied to the current
screen buffer 40 to provide the "erased" view of the
document free of
any annotations . inputted thus far in the current
annotation.

The ‘"shrink menu" option of the pop-up menu 78
enables the user to prevent the menu 78 from interfering
with the rest of the images displayed on the screen 18.

The "hide/show ruler" menu option enables the user to
either prevent display of or «cause redisplay of an
indicator of the left and right margins and tabs of the
document. Any such indicator, or ruler as is known in the
art, 1is suitable but 1is preferably provided through a
handler routine similar to the character handler 74 both
of which are keyboard note functions called by the
knotefun dispatcher 77.

In response to the user selecting the "playback" menu
option, the Supervisor 58 provides all files generated
from annotation sessions of the document, as indexed by
the superfile 88 of the document, to the notefun
dispatcher 75, knotefun dispatcher 77 and voice handler 76
(Figure 3a). This causes the screen manager 60 to replay
through screen display 18 a timed sequence of the
origination of the document and all annotations made to it
thus far at the pace 1in which such annotation was
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originally inputted by the user.

The "all done" option on the pop-up menu 78 provides

the same supervisor routine as in the “go to desk" option
but control is returned to the Applications Dispatcher 47
with a code, in which the '
Done flag is set, to return to the first program 39 that
the operating system 37 was running before the annotator
was invoked. The Applications Dispatcher 47 interprets
the code, saves all the information generated by the
annotation session and passes control to Phase 2 (Figure
10) of the Takeover routine as described previously.

Software for Erasure

In order to erase what was currently written during
an annotation session, the Supervisor copies an image of
the view into the erase buffer 42 at the beginning of the
annotation session. During the pen-up and pen-down
procedures 72 (Figure 3a), the procedure provides the
screen manager 60 information regarding a starting point
and an ending point of a stroke of the stylus and a color
(i.e. black or white) of any annotation to the document
which was generated by that stroke. Similarly, during the
erase-up and erase-down procedures 72 (Figure 3a), the
procedure tells the screen manager 60 a beginning and an
ending point of an eraser path by which any portion of
penned annotations that intersect the path are determined
to be "erased". During erasure, the screen manager 60
looks to the saved bitmap in the erase buffer 42 to
determine what originally existed ©bhetween the two
specified points. The screen manager 60 replaces all
points between and including the specified points with the
corresponding original bits saved in the erase buffer 42.
Next the screen manager 60 reconstructs
in real time all typéd annotations within the eraser path.
This is accomplished by first determining the =x-y
coordinates of the eraser path, then searching the linked
list of x and y .nodes to determine which typed characters
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either intersect or are currently defined within the
eraser path, and accessing through the grid buffer 89 the
ASCII codes of the affected typed characters. Screen
manager 60 gquickly rewrites the characters into view 26
with no discernible flicker.

If the paper variable is set to white paper or ruled
paper, then the screen manager 60 does not refer to the
erase buffer 42. Instead, white pixels are displayed
along the eraser path defined between the ending and
beginning points of erasure, and in the case of the ruled
paper, the ruled lines are reinstated on otherwise blank
background. Typed annotations within the eraser path are
then reconstructed as described above.

Replay or Printing
During printing or ©playback of the annotation

session, a print application routine or playback
application routine respectively is used. The respective
application routine provides the notefun dispatcher 75
with an initial note function 72 name and opens the
appropriate files 44, 46, 48 on disk 43. Within the
application routine, an event manager reads the tablet,
keyboard and voice files
44, 46, 48 generated for the document. The event manager
decides which data came first according to the time
headings stored in each file with each block of data. The
blocks of data are then placed in respective data packages
and given in order of time to the proper dispatcher (i.e.
notefun or knotefun). The information is then inputted
through the respective dispatchers 75, 77, subsequently
processed by corresponding functions employed by the
notefun dispatcher 75 and knotefun dispatcher 77, and
displayed on screen display 18 as directed by the screen
manager 60 or printed on a connected printer as directed
by a printer manager 59 (Figure 3a) of the application
routine.

Thus playback, pfinting and annotation is done from
the same working procedures (i.e. note functions 72,
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keyboard note functions 74), dispatchers 75, 77 and files
to disk 43. This is made possible due to the fact that
the applications using the informatidn in the files have
to do tasks similar to those performed in the annotation
routine. For example, when a user is annotating, the
notefun dispatcher 75 provides a state machine in which an
input packet (WT_Data) results in a line drawn in the
screen view 26. This is also true when a user is viewing
playback. 'Ifrthe playback application routine passes the
notefun dispatcher 75 a WT_Data packet, all else being the
same, the notefun dispatcher provides the drawing of the
same line in the screen view 26. In the printing
application, the desired result is that the line be drawn
at the printer. This 1is realized by the application
routine sending information to the printer instead of
making an explicit call to the Graphics module to draw the
line. Hence replay and printing of the document and
annotations thereto are accomplished in a time sequence of
the annotations as originally input by the user and not in
spacial order relative to the document.

In addition, during replay, relatively long periods
of 1inactivity from the user not inputting any annotations
through the stylus 14, keyboard 12 and audio assembly 24
are extracted to provide'a more flowing representation of
the creation and annotation of the document. Such
extraction 1s accomplished by the event manager or other
processor means detecting the relatively long periods of
inactivity through the recorded timemarks in the tablet,
keyﬁoard and voice files 44, 46, 48 and processing the
recorded annotation data which is next in time instead of
the noise data of the detected period of inactivity.

Loading Software

When the user executes the software program/file of
system 20 (i.e. the Annotator-Desk task program), the
operating system 37 loads in the entire software package
including the device drivers, the Listener 45 and Takeover

PCT/US89/02147
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49 modules and the various application routines. The
system program/file installs the Tablet and Timer drivers
and passes control to the Listener 45. It then does a TSR
(terminate and stay resident routine). This allows the
system 20 software program/file to remain in local memory.
Subsequent applications must run in the remaining part of
local memory. Since the system program/file is large,
this often prevents operation of other programs.

An alternative program/file for loading is available.
It consists of a Listener 45 and a different Takeover
module, the Tablet and Timer drivers and an 1image
save/load module. When the user executes this file
instead of the system program/file, the operating system
37 loads in this small loading program/file. It installs
the Tablet and Timer drivers but before giving control to
the Listener 45, it loads the system program/file and
determines the amount of local memory required to hold
it. It then saves a copy of the local memory required to
hold 1it. It then saves a copy of the local memory
containing the system program/file to a disk file. This
memory area is then declared free for future applications
to use and control is given to the Listener 45. When the
Takeover 49 module 1is activated, it saves the program
stack, data area and program header as usual but before
obtaining the video state, it needs to copy the disk file
containing the system program/file back into local memory
where it is expected to be. Before it does this, however,
it must save that block of local memory to another disk
file, such as memory area 65
(Figure 7), because it may contain the interrupted program
and must not be damaged. The rest of the Takeover module
continues as previously described.

While the invention has been particularly shown and
described with reference to a preferred embodiment
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the spirit and scope of the
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invention as defined by the appended claims. For example,
although presently implemented in software, many of the
details of the system may be implemented in hardware for
faster operation. And many features of the system may be
advantageously' used without use of all features. For
example, though the two-ended stylus 1is a preferred
annotation tool, an electronic mouse would also have some
annotation utility, or a single ended stylus could operate
in two different modes - writing and erasing, or erasure
of penned annotations could be accomplished through the
keyboard. »
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What is claimed is:

Apparatus for adding an annotation to displayed
information comprising:
a display;
an annotation input device; and

processing means coupled to the display and the
annotation input device for responding to the
annotation input means to first display the displayed
information in the display, to thereupon record any
annotation to be added and substantially simultaneously
include the added annotation in the display of the
displayed information, and finally to permanently
associate the added annotation with the displayed
information so that any display of the displayed
information produced for subsequent annotation includes
the added annotation,
whereby annotation of the displayed information appears
to the user to be the same as annotation of a paper
document.

Annotation apparatus as claimed in claim 1 wherein the
annotation input device includes a stylus.

Annotation apparatus as claimed in Claim 2 wherein the

-stylus has an end for providing erasure traces.

Annotation apparatus as claimed in claim 3 wherein the
stylus has an other end for providing additive traces.

Annotation apparatus as claimed in Claim 2 further
comprising a tablet having a planar surface upon which
the stylus is used, pressure of one of the ends of the
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stylus near the surface and distance between the one
end and the surface being detected to define the status
of the one end of the stylus.

Annotation apparatus as claimed in claim 1 further
comprising:

an erase buffer for storing a representation of
the displayed information before addition of the
annotation; 7 '

a display buffer for storing a representation of
the displayed information as currently annotated, the

'display buffer driving the means for displaying; and

a display manager for receiving from the means
for annotating a sequence of data representing
annotations to the displayed information, the
annotations including additive traces and erasure
traces, the display manager adding additive traces to
the representation stored in the display buffer and
replacing portions of additive traces previously added
to the representation in the display buffer undeflying
erasure traces with a corresponding portion of the
representation from the erase buffer.

Annotation apparatus as claimed in claim 1 further
comprising:

annotation files associated with the displayed
information for storing a sequence of representations
of the annotations made to the displayed information;
. the means for displaying being able to receive at
a later desired time representations from the
annotation files to display the annotations to the
displayed information in the same sequential order as
the annotations were made during the annotation task.

Annotation apparatus as claimed in Claim 7 wherein the
annotation files include tablet files for storing
representations of strokes and gestures of a stylus.

PCT/US89/02147
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Annotation apparatus as claimed in Claim 7 wherein the
annotation files include keyboard files for storing
keystrokes.

Annotation apparatus as claimed in Claim 7 further
comprising:

voice files for storing representations of audio
input;

an audio output for replaying the audio input;
and

means for replaying the annotations to the
displayed information on the means for displaying and
the representations of audio input through the audio
output in the same relative sequence in which the
annotations and audio input were input to the system.

Annotation apparatus as claimed in Claim 7 wherein the
annotation files include tablet files for storing
representations of strokes of a stylus, keyboard files
for storing keystrokes and voice files for storing
representations of audio input.

Annotation apparatus as claimed in claim 11 further
comprising a directory file which serves as a directory
to tablet files, keyboard files and voice files
corresponding to the displayed information.

- Annotation apparatus as claimed in Claim 7 wherein the

means for displaying displays from the annotation
stores the annotations made to the displayed
information in the same sequence in which the
annotations were made.

Annotation apparatus as claimed in claim 13 wherein:
the annotations are further displayed at a pace
which is determinable by the user.

PCT/US89/02147
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Annotation apparatus as claimed in Claim 1
wherein:

the annotation input device comprises a plurality
of input means for providing input data representing
different types of annotations including stylus
strokes, keystrokes and audio data; and

the processing means operates to record the
annotation by executing routines including:

a plurality of dispatchers one for each input
means for receiving input data representing one type of
annotation, at least the dispatcher for receiving
stylus strokes from the respective input means having a
changeable output designation which designates a
procedure to receive the input data from the
dispatcher; and

a plurality of procedures for recei&ing input
data from the dispatchers; at least a multiplicity of
the procedures for receiving input data from the
stylus—-stroke-receiving dispatcher and uniquely
processing the input data, the procedure designated by
the dispatcher receiving the input data from the
dispatcher, processing the input data and changing the
output designation of the dispatcher to designate a

procedure to process subsequent input data representing
stylus strokes.

Annotation apparatus as claimed in Claim 15 wherein the
input means are changeable between transfer lines for
transferring signals generated directly by a user and a
plurality of memory files containing the signals
previously generated and subsequently saved.

Annotation apparatus as claimed in Claim 15 further
comprising changeable output means for receiving the
processed input data from the routines, the changeable

o
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output means being changeable between at least the
display and a printer.

Annotation apparatus as claimed in claim 1 wherein the
annotation input device includes manual input means.

Annotation apparatus as claimed in Claim 18 wherein the
manual input means includes:

a keyboard for providing keystroke annotations to
the displayed information;

a typing cursor associated with the keyboard, the
cursor being moveable to different initial positions in
the displayed information independent of any global
grid of character spaces, the typing cursor indicating
position in the displayed information at which
keystroke annotations from the keyboard are to be
currently inserted; and

keystroke processing means for generating for
each initial cursor position a local grid of character
spaces holding a sequence of characters resulting from
keystroke annotations which were inserted to the
displayed information beginning at the respective
initial cursor position, the local grids being
independent of each other.

Annotation apparatus as claimed in claim 1 wherein the
annotation input device includes audio input

means.

Annotation apparatus as claimed in Claim 20 wherein the
audio input means comprises:

means for detecting periods of relative silence
among a plurality of audio signals;

an encoder for digitally encoding the audio
signals without encoding signals during the periods of
relative silernce, and the encoder encoding an

PCT/US89/02147
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indication of time at which periods of relative silence
end; and

a decoder for reproducing the audio signals with
the periods of relative silence inserted for the

appropriate times indicated by the encoded indication
of time.

Annotation apparatus as claimed in Claim 21 wherein the
means for reproducing inserts a noise signal in
reproducing the periods of relative silence.

Annotation apparatus as claimed in Claim 22 wherein
each inserted noise signal is produced at a volume
dependent upon original noise level of the respective
period of relative silence.

Annotation apparatus as claimed in Claim 21 wherein the
encoder extracts periods of relative silence extending
over a predetermined length of time such that the means
for reproducing inserts no period of relative silence
between respective audio signals.

Annotation apparatus as claimed in Claim 21 wherein the
voice file further stores for each period of relative
silence a flag indicating the period of silence without
storing actual silence input, an indication of noise
level of the period of silence, and a time at which the
period of silence ends.

The annotation apparatus as claimed in claim 1 and
wherein:
the processing means further responds to the

annotation input means to capture displayed information
for annotation.

The annotation apparatus as claimed in claim 26 and

A
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wherein: the processing means captures the displayed
information by creating an image thereof.

The annotation apparatus as claimed in claim 26 and
wherein:

the processing means captures the displayed
information by stopping performance of a primary task,
saving information being displayed by the primary task
as the displayed information, saving the state of the
primary task and returning control to the primary task
upon completion of annotating the displayed
information.

Annotation apparatus as claimed in claim 1 further
comprising:

means for reversing relative lightness of print
to background of the displayed information by the
interrupt routine to form a reverse lighting
representation of the displayed information; and

the display exhibiting the reverse lighting
representation of the displayed information for
annotation by the annotation input means.

The annotation apparatus of claim 1 and wherein:
the displayed information is an image.

The annotation apparatus of Claim 1 wherein the
displayed information comprises a blank page.

The annotation apparatus of Claim 1 wherein the
displayed information comprises:
an unused ruled page.

The' annotation apparatus of Claim 1 wherein the
displayed information comprises:
a predefined form.
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The annotation apparatus of claim 1 and wherein:

the processing means further stores the time
sequence of the annotation in a manner which enables
the processing means to subsequently cause the display
means to exhibit the sequence in which the annotation 2
was made.

o

Annotation apparatus as claimed in claim 33 wherein:
the annotations are further displayed at a pace
which is determinable by the user.

Annotation apparatus as claimed in Claim 1 wherein:
the annotation input means enables communication
of at least two different types of annotations;
and
the processor performing the annotation task is
effectively simultaneously responsive to the different
types of annotatioms.

Annotation apparatus as claimed in Claim 36 wherein the
annotation input means includes:

an electronic stylus for providing written
annotations; and

a keyboard for inputting typed
annotations.

Annotation apparatus as claimed in Claim 36 wherein the
-annotation input means includes:

an electronic stylus for providing written
annotations; and

£t

audio means for inputting audio annotatioms.

Annotation apparatus as claimed in Claim 36 wherein the
annotation input means includes:
a keyboard for inputting typed annotations; and
audio medns for inputting audio annotatiomns.
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40. Annotation apparatus as claimed in Claim 1 wherein:

(a) the annotation input means include at least:

an electronic stylus having a writing end for
writing annotations and an eraser end for erasing
annotations written by the writing end;

a keyboard for inputting typed annotations; and

audio means for inputting audio annotations; and

(b) the processing means being substantially
simultaneously responsive to written, typed and audio
annotations to annotate the document in a time sequence
of the written, typed and audio annotations as
communicated by the user.

41. Annotation apparatus as claimed in Claim 40 wherein the
means for displaying, in a subsequent exhibition,
exhibits at a user-selectable rate each form of the
document generated by annotations.

42, Annotation apparatus as claimed in Claim 41 wherein the
means for displaying, in a subsequent exhibition,
exhibits at a user-selectable rate the forms of the
document generated by written and typed annotations.

43, Annotation apparatus as claimed in Claim 40 wherein:
each complete performance of the annotation task
defines an annotation session, for each annotation
session, the processor recording in a tablet file
.Written annotations and an indication of the relative
time sequence order in which the user communicated the
written annotations to the processor, the processor
recording in a keyboard file typed annotations and an
indication of the relative time sequence order in which
the user inputted the typed annotations, and the
processor recording in a voice file audio annotations
and an indication of relative time in which the user
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inputted the audio annotations, the time sequence order
of each file being relative to the other files;
different tablet, keyboard and voice files being used
for different annotations sessions.

An input device in a data processing system for
providing written input data to the system to be
processed by the system, the input device comprising:
a two—ended stylus having a first end for
inputting a first type of data to the system
representing stylus strokes, and a second end for
inputting a second type of data to the system
representing different stylus strokes relative to the
stylus strokes of the first
end. '

A device as claimed in Claim 44 wherein:

the first end inputs written data
representing stylus strokes; and

the second end inputs erasure data representing
erasure of stylus strokes of the first end.

A device as claimed in Claim 44 further comprising:
an electronic tablet having a planar surface on
which the two—ended stylus operates.

A device as claimed in Claim 46 wherein the first and
second ends of the stylus are alternately driven until
-one of the first and second ends is positioned in a
predetermined minimal proximity of the surface of the
tablet, that end then being continuously driven.
A device as claimed in Claim 46 wherein a pressure
indication from one of the first and second ends of the
stylus and an indication of distance of that end
relative to the surface of the tablet are used in
combination to characterize use of the stylus.
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A device as claimed in Claim 48 wherein change in the
pressure indication in combination with the indication
of distance provides to the system an indication of
intention of the user to continue inputting data using
the stylus on the tablet.

A device as claimed in Claim 44 wherein the stylus is
cordless.

A device as claimed in claim 46 and wherein:

the stylus further includes pressure sensing
means for detecting pressure of the stylus acting on
the planar surface;

means for detecting distance between the stylus
and the planar surface; and

" the data processing system further includes

processing means for characterizing status of the
stylus from the detected pressure and distance.

A device as claimed in Claim 51 wherein the status of
the stylus includes initial positioning of the stylus
with respect to the surface to initiate inputting to
and processing by the system.

A device as claimed in Claim 51 wherein the status of
the stylus includes spatial position with respect to
the surface and motion of the stylus to continue

- operation of the system.

A device as claimed in Claim 51 wherein the processor
means determines contact to have been made between the
stylus and surface from both a sudden deceleration in a
rate of detected decreasing distance between the stylus
and the surface and a relatively large increase in
detected pressure.
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A device as claimed in claim 46, wherein

the planar surface further includes sensor
means for measuring distance between the stylus and a
surface along an axis perpendicular to the planar
surface, the system responding to measured distances by

annotating a single item of two-dimensional display
information.

A device as claimed in Claim 55 wherein measured
distances are encoded nonlinearly relative to distance
between the stylus and surface, there being a finer
resolution between the encoded measurements for smaller
measured distances between the stylus and surface.

A device as as claimed in claim 44 wherein:

the data processing means includes display means
for displaying information including a cursor
indicating a current position on the display
corresponding to a position indicated by the first or
second type of data; and

the form of the cursor depends on whether the
first or second type of data is being input.

A device as claimed in claim 57 wherein:

the information displayed on the display means
further indicated different regions on the display
means and
o the form of the cursor further depends on the

region in which the current position is presently
located.

A device as claimed in claim 57 wherein:
the first type of data indicates a line being
drawn by the stylus;

the second type of data indicates an erasure of a
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previously-drawn line;

when the first type of data is being input, the
cursor has the form of the tip of a writing instrument
and

when the second type of data is being input, the
cursor has the form of an erasing instrument.

Annotation apparatus for use in a data processing
system, the annotation apparatus comprising:

a electronic display:

an annotation input device; and

processing means coupled to the display and the
annotation input device for first responding to the
annotation input device by stopping performance of a
primary task being executed in the data processing
system, saving displayed information which the primary
task is providing for the display, and saving the state
of the primary task, thereupon responding to the
annotation input device to annotate the saved displayed
information, and finally responding thereto by
returning control to the primary task.

Annotation apparatus as claimed in Claim 60 wherein the
annotation input device includes a stylus.

Annotation apparatus as claimed in Claim 60 wherein the
stylus has an end for providing erasure traces.

Annotation apparatus as claimed in claim 62 wherein the

stylus has an other end for providing additive traces.

Annotation apparatus as claimed in claim 60 wherein the
annotation input device includes manual input means.

Annotation apparatus as claimed in Claim 64 wherein the
manual input means includes:

PCT/US89/02147
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a keyboard for providing keystroke annotations to
the displayed information;

a typing cursor associated with the keyboard, the
cursor being moveable to different initial positions in
the displayed information independent of any global
grid of character spaces, the typing cursor indicating
position in the displayed information at which
keystroke annotations from the keyboard are to be
currently inserted; and

keystroke processing means for generating for
each initial cursor position a local grid of character
spaces holding a sequence of characters resulting from
keystroke annotations which were inserted to the
displayed information beginning at the respective
initial cursor position, the local grids being
independent of each other.

66. Annotation apparatus as claimed in claim 60 wherein the
annotation input device includes audio input
means.

67. The annotation apparatus as claimed in Claim 60 and

wherein the processing means operates to stop the
primary task and annotate the displayed information by
executing routines including

an interrupt routine during which the processing
means operates to interrupt the primary task and create
the displayed information from the information which
“the primary task is currently displaying and saving the
state of the primary task and thereupon to begin an
annotation task,

the processor means operating during the
annotation task torespond to the annotation input
device to annotate the displayed information; and

the processor returning to the primary task upon
completion of the annotation task.
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A data processing system as claimed in Claim 67 wherein
the interrupt routine provides a primary interrupt in
which the processor performs the annotation task and
the annotation device annotates the displayed
information in a higher priority secondary interrupt,
the secondary interrupt being an interrupt to the
processor performing the annotation task.

A data processing system as claimed in Claim 68 wherein
annotations to the displayed information are
transferred to secondary storage during the annotation
task.

Annotation apparatus as claimed in claim 60 wherein:
the processing means further reverses the
contrast of the displayed information as displayed on

the display prior to annotationm.

The annotation apparatus of claim 60 and wherein:

the processing means further stores the time
sequence of the annotation in a manner which enables
the processing means to subsequently cause the display
means to exhibit the sequence in which the annotation

was made.

Annotation apparatus as claimed in claim 71 wherein:
the annotations are further displayed at a pace

.which is determinable by the user.

Apparatus for editing displayed data comprising:
processing means;
display means for displaying the displayed data;

- and

input means including a stylus for providing
erasure traces, the processing means responding to the
erasure traces by erasing an erasable portion of the
displayed data.

PCT/US89/02147
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AMENDED CLAIMS
) Lreceived by the International Bureau on 6 November 1989 (06.11.89)
original claims 44-46 and 73 cancelled; claim 47amended; new claims 74-106 added;
other claims unchanged (13 pages)]

inputted the audio annotations, the time sequence order
of each file being relative to the other files;
different tablet, keyboard and voice files being used
for different annotations sessiomns.

47. An input device in a data processing system for
providing written input data to be processed by the
system, the input device comprising:

a two—ended stylus having a first end for

inputting written data representing stylus strokes, and a

second end for inputting erasure data representing erasure of

stylus strokes of the first end; and

an electronic tablet having a planar surface on
which the two-ended stylus operates; '

wherein the first and second ends of the stylus
are alternately driven until one of the first and second ends
is positioned in a predetermined minimal proximity of the
surface of the tablet, that end then being continuously
driven.

48. A device as claimed in Claim 46 wherein a pressure
indication from one of the first and second ends of the
stylus and an indication of distance of that end
relative to the surface of the tablet are used in
combination to characterize use of the stylus.
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68. A data processing system as claimed in Claim 67
wherein the interrupt routine provides a primary
interrupt in which the processor performs the
annotation task and the annotation device annotates
the displayed information in a higher priority
secondary interrupt, the secondary interrupt being an
interrupt to the processor performing the annotation
task.

69. A data processing system as claimed in Claim 68
wherein annotations to the displayed information are
transferred to secondary storage during the annotation
task.

70. Annotation apparatus as claimed in claim 60 wherein:
the processing means further reverses the
contrast of the displayed information as displayed on

the display prior to annotation.

71. The annotation apparatus of claim 60 and wherein:
the processing means further stores the time
sequence of the annotation in a manner which enables
the processing means to subsequently cause the display
means to exhibit the sequence in which the annotation

was made.
72. Annotation apparatus as claimed in claim 71 wherein:
the annotations are further displayed at a pace
* which is determinable by the user.
* 74. Apparatus for manipulating displayed information
comprising:

display means for displaying the displayed
information and including cursor means for identifying
a current location in the display means;
input means including

an annotation input device for inputting an
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annotation to the displayed information and

pointing means for permitting the user to
specify the location of the cursor means in the
display means and a selection mode; and

processing means for controlling the display
means in response to the input means,

the processing means controlling the display
means to display a desk view including first movable
entities on the display means, the movable entities
including at least one displayed information
representation which is a miniature of the displayed
information and at least one first operation indicator
of an operation performable on the displayed
information,

responding to the pointing means when the
pointing means is placed in selection mode while the
cursor location is within one of the first entities
and the cursor is moved by controlling the display
means to move the first entity with the cursor as long
as the pointing means remains in selection mode, 7

responding to the pointing means when a first
movable entity is moved to a position such that the
miniature and the operation indicator overlap and the
pointing means is taken out of selection mode at that
position by performing the operation indicated by the
operation indicator on the displayed information, and

responding to the pointing means when the
pointing means is placed in selection mode while the
cursor location is within the miniature and taken out
of selection mode without moving the miniature by
causing the display means to display the displayed
information and thereupon responding to the annotation
input device to annotate the displayed information and
causing the display means to display the displayed
information as annotated.

The displayed information manipulation apparatus set
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forth in claim 74 wherein:

when the processing means has caused the display
means to display the displayed information, the
processing means further responds to a return to desk
view input from the input means by saving the
displayed information as annotated, generating a new
miniature representing the saved displayed information
and causing the display means to display a new desk
view including the new miniature.

The apparatus for manipulating displayed information
set forth in claim 75 wherein:

the first operation indicators further include
an in basket for receiving miniatures and

the new miniature is displayed in the in

basket.

The apparatus for manipulating displayed information
set forth in claim 75 wherein:

the processing means 1s a general purpose
processing means for executing programs and
controlling the display means to display information
in response to an execution of a program;

the processing means further responds to the
input means by stopping the execution of the program,
saving the displayed information and saving the state
of the execution, causing the display means to display
the saved displayed information, and thereupon
responding to the annotation input device to annotate
the saved displayed information and causing the
display means to display the saved displayed

information as annotated.

The apparatus for manipulating displayed information
set forth in claim 77 wherein:

the processing means further responds to a
return to execution input from the input means by

PCT/US89/02147



79.

80.

81.

82.

WO 89/11693 PCT/US89/02147

(Te)
P2

restoring the state of the execution and resuming the
execution.

The apparatus for manipulating displayed information
set forth in claim 78 and wherein: ,

when the processing means has caused the display
means to display the displayed information, the
processing means further responds to the return to
execution input by saving the displayed information as
annotated and generating a new miniature representing

n

the annotated displayed information.

The apparatus for manipulating displayed information
set forth in claim 74 and wherein:

the input means is a stylus with an active end,
the stylus operating as the pointing means and as the
annotation means. :

The apparatus for manipulating displayed information
set forth in claim 80 and wherein:

- when the stylus opefates as the pointing means,
the stylus is placed in selection mode by placing the
active end on a position corresponding to a position
in the display within an entity and out of selection
mode by raising the active end and when the stylus
operates as the annotation means, the annotation is
made by placing the active end on a position
corresponding to a position in the display within the
displayed information and moving the active end within
the displayed information.

W

9

The apparatus for manipulating displayed information
set forth in claim 81 and wherein:

when the stylus operates as the annotation
means, the stylus has a first active end and a second
active end and

the processing means responds to the placing and
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moving of the first active end by making the
annotation and responds to the placing and moving of
the second active end by removing any portion of the
annotation at a position on the display corresponding
to a position touched by the second active end from
the displayed information.

The apparatus for manipulating displayed information
set forth in claim 81 and wherein:

the processing means causes the display means to
display one of a first set of cursors when the stylus
operates as the pointing means and one of a second set
of cursors when the stylus operates as the annotation

means.

The apparatus for manipulating displayed information
set forth in claim 83 and wherein:

the first set of cursors includes a first cursor
which is displayed when the pointing means is not in
selection mode and a second cursor which is displayed
when the pointing means is moving an entity.

The apparatus for manipulating displayed information
set forth in claim 84 and wherein: _

when the stylus operates as the annotation
means, the stylus has a first active end and a second
active end and

the processing means responds to the placing and
moving of the first active end by making the
annotation and responds to the placing and moving of
the second active end by removing any portion of the
annotation at a position on the display corresponding
to a position touched by the second active end from
the displayed information; and

the second set of cursors includes a third
cursor which is displayed when the first active end is
making the annotation and a fourth cursor which is

PCT/US89/02147



WO 89/11693 PCT/US89/02147

86.

87.

88.

g4

displayed when the second active end is removing the
annotation.

The apparatus for manipulating displayed information
set forth in claim 74 and wherein:

the processing means causes the display means to
display a first cursor when the pointing means is not
in selection mode and a second cursor when the
pointing means is moving an entity.

The apparatus for manipulating displayed information
set forth in claim 74 and wherein:

when the processing means causes the display
means to display the displayed information, the
processing means causes the display means to further
display at least one second movable entity on the
displayed information and

the processing means responds to the pointing
means when the pointing means is placed in selection
mode while the cursor location is within one of the
second entities and the cursor is moved by controlling
the display means to move the second entity with the
cursor as long as the pointing means remains in
selection mode.

The apparatus for manipulating displayed information
set forth in claim 87 and wherein:

when the processing means causes the display
means to display the displayed information, the
processing means further responds to a lack of an
annotation input for a predetermined period by causing
the display means to display a second entity which
indicates an operation available during annotation and

the processing means responds to the pointing
means when the pointing means is placed in selection
mode while the cursor location is within the one
second entity and taken out of selection mode without
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moving the one second entity by performing the
operation indicated by the entity.

The apparatus for manipulating displayed information
set forth in claim 87 and wherein:

the annotation input device includes means for
inputting codes representing alphanumeric characters;

when the processor means causes the display
means to display the displayed information, the
processor means further causes the display means to
display one of the second entities which indicates a
typing cursor at a position in the displayed
information; and

the processing means responds to an input of an
alphanumeric code from the means for inputting codes
by causing the display means to display the
alphanumeric character specified by the input code at
the location specified by the typing cursor.

The apparatus for manipulating displayed information
set forth in claim 89 and wherein:

when a first alphanumeric code is input at the
location specified by the typing cursor, the
processing means responds thereto by establishing a
local grid of character spaces for holding a sequence
of characters beginning with the character
corresponding to the first alphanumeric code and
including the other alphanumeric codes input before

the typing cursor is again moved by the pointer

means.

The apparatus for manipulating displayed information
set forth in claim 90 and wherein:

when the typing cursor is moved by the pointing
means to within a predetermined distance of a sequence
of characters held in the local grid, the processing
means automatically aligns the typing cursor with the
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The apparatus for manipulating displayed information
set forth in claim 88 and wherein:

the annotation input device includes means for
inputting codes representing alphanumeric characters;

the operation indicated by the second entity is
a show ruler operation;

the processing means performs the show ruler
operation by causing the display means to display a
ruler including markers movable by the pointing means
for defining the format of a line of alphanumeric
characters; and

the processing means responds to the displayed
ruler by establishing the format of the line as
indicated by the positions of the movable markers and
responding to inputs of codes representing
alphanumeric characters as required by the established
format.

The apparatus for manipulating displayed information
set forth in claim 74 and wherein:

the annotation input device includes audio input
means.

A data processing system having a stylus for providing
input to the system for processing by the system, the
system comprising:
. pressure sensing means for detecting pressure of
the stylus acting on a surface;

means for detecting distance between the stylus
and the surface; and

processor means for characterizing status of the
stylus from the detected pressure and distance.

A data processing system as claimed in Claim 94
wherein the surface is a surface of an electronic

PCT/US89/02147
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tablet.

96. A data processing system as claimed in Claim 94
wherein the status of the stylus includes initial
positioning of the stylus with respect to the surface
to initiate inputting to and processing by the system.

97. A data processing system as claimed in Claim 94
wherein the status of the stylus includes spatial
position with respect to the surface and motion of the
stylus to continue operation of the system.

98. A data processing system as claimed in Claim 94
wherein the processor means determines contact to have
been made between the stylus and surface from both a
sudden deceleration in a rate of detected decreasing
distance between the stylus and the surface and a
relatively large increase in detected pressure.

99. A system having means for digitally storing audio
signals and means for reproducing the audio signals,
the system comprising:

means for detecting periods of relative silence
among a plurality of audio signals;

an encoder for digitally encoding the audio
signals without encoding signals during the periods of
relative silence and for each period of silence the
encoder encoding a time signal indicative of the end
of the period of relative silence, the encoded audio
signals and time signals being stored in the means for
storing; and

a decoder cooperating with and enabling the
means for reproducing to reproduce the audio signals
with periods of relative silence inserted for the
appropriate times indicated by the time signals.

100. A system as claimed in Claim 99 wherein the means for
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reproducing inserts a noise signal in reproducing the
periods of relative silence.

101. A system as claimed in Claim 100 wherein each inserted
noise signal is produced at a volume dependent upon
original noise level of the respective period of
relative silence.

102. A system as claimed in Claim 99 wherein the encoder
extracts periods of relative silence extending over a
predetermined length of time such that the means for
reproducing inserts no period of relative silence
between respective audio signals.

103. Apparatus for indicating a plurality of choices to a
user of an interactive computer system, the
interactive computer system including display means,
input means for receiving user inputs and providing
input data items, and processing means which receives
the input data items from the input means and provides

" display data to the display means,
the apparatus for indicating the plurality of choices
comprising:

menu display means operating in the processor

means to add choices display data indicating the
plurality of choices to the user to the display means
to current display data currently being provided to
the display and

i

supervisor means operating in the processing

means and responsive to the input data items for
causing the display means to add the choices display
data to the current display data when the processing
means has not received an input data item within a
predetermined period since last receiving an input
data item,

whereby the display means displays the choices

display data in addition to the current display data

hd
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upon cessation of user inputs for a period longer than
the predetermined period.

104. Apparatus for annotating displayed information
comprising:
a display;
input means including an annotation input device; and
processing means coupled to the display and the
annotation input device for responding to the
annotation input means to first display the displayed
information in the display, to thereupon record any
annotation to be added and the time sequence of the
annotation and substantially simultaneously include
the added annotation in the display of the displayed
information, and finally to associate the added
annotation with the displayed information and for
subsequently responding to a replay command received
in the input means, to the displayed information, the
recorded added annotation, and the recorded time
sequence to replay in the display the displayed
information with the annotation, the annotation
appearing on the replayed display information in the
time sequence in which the annotation was made.

105. The apparatus for annotating displayed information set
forth in claim 104 and wherein:
the annotation includes an audio annotation and
a graphic annotation and
‘ when the annotation is replayed, the audio
annotation is played back simultaneously with the
replay on the display of the graphic annotation.

106. An input device in a data processing system including
display means for providing written input data to the
system to be processed by the system, the input device
comprising:

a stylus having at one end pressure indicating
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means for indicating that the end is pressed onto a
surface and

end location indicating means for indicating a
current location of the end and

a planar surface upon which the end of the
stylus operates and which includes sensor means
responsive to the end location indicating means for
measuring distance between the end and the planar
surface along an axis perpendicular to the planar
surface and the location of the axis on the planar
surface,

the system responding to the sensor means and to
an indication from the pressure indicating means that
the end is pressed onto the surface by displaying a
mark on the display means at a position corresponding
to the location on the planar surface of the axis and
to an indication from the pressure indicating means
that the end is not pressed onto the surface and to
the sensor means indicating that the end is within a
predetermined small distance of the surface by also
displaying the mark at the position, whereby a line
without skips may be drawn on the display means using
the stylus.
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STATEMENT UNDER ARTICLE 19

Transmitted herewith for inclusion with the above-mentioned
application are sheets of paper for replacing corresponding
pages in the application presently on file. The replacement
sheets include claims which replace certain claims already on
file. Also included are new claims to be added to the

international application.

With reference to replacement page 82, original claims 44, 45
and 46 have been deleted. Original subclaim 47 has been amended
to be an independent claim and now includes much of the subject

matter recited in the three deleted claims.

Regarding replacement page 87, original claim 73 has been
cancelled. Furthermore, new claim 74 has been added.

Finally, in connection with replacement pages 88-98, the
remaining part of new claim 74 is included and new claims 75-106
have been added. It should be understood that the Abstract
(which was originally presented as page 88 of the application
and which has been amended by the International Searching
Authority) should now be numbered as page 99 so that it will be
the last page of the amended application.

The inventions recited in both the amended and the new claims do

?2§ego beyond the disclosure in the international application as
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